12 United States Patent

Gwak et al.

US011209904B2

US 11,209,904 B2
Dec. 28, 2021

(10) Patent No.:
45) Date of Patent:

(54) TACTILE STIMULATION PROVIDING
DEVICLE

(71) Applicant: BHAPTICS INC., Dagjeon (KR)

(72) Inventors: Kiuk Gwak, Daejeon (KR); Younghun
Ko, Dagjeon (KR); Wonho Yu, Daejeon
(KR)

(73) Assignee: BHAPTICS INC., Dagjeon (KR)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days.

(21)  Appl. No.: 16/192,507

(22) Filed: Nov. 15, 2018
(65) Prior Publication Data
US 2019/0204919 Al Jul. 4, 2019
(30) Foreign Application Priority Data
Dec. 29, 2017 (KR) .o, 10-2017-0183617
Jun. 27, 2018 (KR) .o, 10-2018-0074358
(51) Int. CL
GO6F 3/01 (2006.01)
A61H 11/00 (2006.01)
(52) U.S. CL
CPC .............. GO6F 3/016 (2013.01); A61H 11/00

(2013.01); AG1H 2201/165 (2013.01)

(58) Field of Classification Search
CPC ..., A61H 23/00; A61H 23/0234; A61
23/0272; A61H 2201/0157; A6l

2201/12; A61H 2201/1215; A61

2201/164; A61H 2201/1642; A6l

2201/165; A61H 2201/1652; A61

Epgavgasgangan

+*

N

SEL3 - — >y

2205/12; A61H 11/00; A61H 23/0263;
GO6F 3/016; GO6F 3/01; A41D 1/002;
A41D 1/04; A41D 2400/322; A41D
13/08; GO8B 6/00
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

4,732,140 A * 3/1988 Stoflregen ............. A61H 23/00
601/71
2004/0260211 Al* 12/2004 Maalouf ................ A61H 23/02
601/15

(Continued)

FOREIGN PATENT DOCUMENTS

KR 10-0252706 4/2000
KR 10-2017-0111091 10/2017
(Continued)

OTHER PUBLICATTIONS

Information Material of G-STAR 2017 (Game Show & Trade,
All-Round), Nov. 16, 2017, Show Review 2017.

(Continued)

Primary Examiner — Quang D Thanh
(74) Attorney, Agent, or Firm — IP & T Group LLP

(57) ABSTRACT

A tactile stimulation providing device includes: a wearing
part having a first side and a second side that 1s the opposite
side of the first side, wherein actuators are disposed between
the first side and the second side; a first main band having
one end located 1n the vicinity of the first side of the wearing
part and the other end fastenable to the vicinity of the second
side of the wearing part; and a sub-band having one end
located 1n the vicinity of a third side of the wearing part and
the other end fastenable to the vicinity of the third side of the
wearing part.

10 Claims, 34 Drawing Sheets

Vhi2  MHI

v
LF ETTIFERNRETTITITION )



US 11,209,904 B2
Page 2

(56)

References Cited

U.S. PATENT DOCUMENTS

2008/0234615 Al*

2009/0143704 Al*

2009/0221943 Al*

2015/0123774 Al
2019/0286236 Al

9/2008

iiiiiiiiiiiiiiiiii

6/2009

iiiiiiiiiiiiii

9/2009 Burbank ............
Ioftfreda et al.

5/2015 _
Gwak et al.

9/2019

FOREIGN PATENT DOCUMENTS

KR 101804453 12/2017

KR 101845018 4/2018

WO 2018/230949 12/2012

WO 2017/164480 9/2017

WO 2018/230790 12/2018

WO 2018/230951 12/2018
OTHER PUBLICATIONS

AO1F 13/0283

602/13

A61B 5/1071

600/595

A61IN 1/36021

601/46

Tomoya Sasaki et al., MetalLimbs: Multiple Arms Interaction Meta-
morphism, Siggraph’17 Emerging Technologies, Aug. 3, 2017, Los

Angeles, CA.

Notice of Allowance 1ssued by the Korean Intellectual Property
Office dated Apr. 28, 2021.

* cited by examiner



U.S. Patent Dec. 28, 2021 Sheet 1 of 34 US 11,209,904 B2

1lG. 1

\

SE‘ll BP1 SE‘12
| |
| |
| |
' tel |

ererarelalale AR A A AN

SEeSetes: @

\ H AN AN AN AN AN

iz MBI
SEL3 -

—~— bl




U.S. Patent Dec. 28, 2021 Sheet 2 of 34 US 11,209,904 B2

(1. ¢

BP1

bel
@Yelel@l®

Glelelelw B Val3

—~ Bl

Vall




US 11,209,904 B2

Sheet 3 of 34

Dec. 28, 2021

U.S. Patent

\

G,

tel

l

mhal

mbl

acl

mhbl

mml

mel




U.S. Patent Dec. 28, 2021 Sheet 4 of 34 US 11,209,904 B2

1lG. 4

mel




US 11,209,904 B2

Sheet 5 of 34

Dec. 28, 2021

U.S. Patent

+ + + & T+ t
+ +

+

o=

=

=

=

+ + + + + + + 4+ + + 0+

+
F £ F F F F F F F F F OF F OFFOFF Y OF OFOF

+ + + + + + + +
e ZP].

1-

+

+

+

+ + + + + 1
¥ F + ¥ ¥ ¥

+

4=

+

+

1—

+

1—

+

+ £ + ¥ + + + &

+
F ¥ F + F ¥ F ¥ F ¥ F ¥ F ¥ F ¥ ¥

\
Vbt2

o=

L .

=

L

o=

4

o=

L

o=

L

=

-

=

o=

=

4=

=

o=

=

+ + + + + + + + 4+ + + + + 0+

+
F £ F F F F F F F F F OF F OFFOFF Y OF OFOF

MBI

+

+

1—

+

1—

.1-

F + + ¥ F ¥ F F F F F F F ¥ F F OF F ¥ OFOF

o=

L .

=

L

o=

4

o=

L

o=

L

=

L

=

L

o=

L

=

o=

=

4=

=

o=

=

=

=

4=

L o

+ + + + + + + + + 4+ £ + + + 0+
F £ F F F F F F F F F OF F OFFOFF Y OF OFOF

4=

-+

+

4=

+

-+

+

+

1—

+

1—

+

.1-

+

+

+

+
F + + ¥ F ¥ F F F F F F F ¥ F F OF F ¥ OFOF

+

o=

L .

=

L

o=

4

o=

L

o=

L

=

L

=

L

o=

L

=

o=

=

4=

=

o=

=

=

=

4=

L o

+ + + + + + + + + 4+ £ + + + 0+
+ £+ + + + + + + + + F £ + + + + + + + + t

4=

-+

+

4=

+

-+

+

+

1—

+

1—

+

.1-

+

+

+
t+ + + + + £ £ F + + +r F £ + +r F + + + ¢t

+

=

L

o=

4

o=

L

o=

L

=

L

=

L

o=

=

4=

=

=

=

o=

=

=

=

4=

£ £ £ ¥ £ ¥ £ ¥ ¥ T r
+ + £ + £ £ £ £ + £ £ + + £ £ + + + +

+

+ + + + + + + +
+ + F

4=

4=

L o

+

+

e

+

L o

+ + + + r

+
t £+ + + + +r t+ +

+

+

+

+

+

+

+

—~— Bl




US 11,209,904 B2

Sheet 6 of 34

Dec. 28, 2021

U.S. Patent

+

+

+

+

+

+

+

+

+

afu

4=

L

=

afu

4=

L

=

afu

+

+ £ + + + + +
+ F + + + + + ¥ +

+

F 4+ F + F + F O+ #

1-

1-

.1.

1.

1-

1-

.1.

1.

1-

1-

1.

1.

1-

1-

1-

1.

1—

1-

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+ £ + + £ + + + ¥
+ F + F + + + + + ¥

+ + + + + + + +
+ + + + + + + + o+

+

+

+

+

+

+

+

+

+

+

+

+

1-

+

.1-

+

1-

L

=

afu

4=

L

=

=

afu

o=

L

o=

afu

o=

L

o=

L

=

L

4=

4=

+ + + + + + +

4=

+ + + + + F£ + + + + + ¥ F Fr + *

+
+ F + + + ¥ + ¥ + F O+ F O+ F O+ O+ O+ ¥

+ + + F + F + + + o+

3

TP1

1.

1.

1-

1-

1-

1.

1—

1-

1-

+

+

+

+

+

+

+

+

+ £ F + + + ¥

+
¥ + + + + + + + F

+

+

+

+

1-

+

1-

+

L

o=

afu

o=

L

o=

L

=

WHIZ—

L I e e B S . e e e e

o=

o=

=

o=

o=

o=

=

o=

o=

=

=

o=

L

=

=

L

L

+ £ + + + ¥ + o+
+ F + F + + + ¥ +

+ ¥ + + £ + + *

+
F 4+ F + F + F O+ #

Q
MBI

\
Vb2

+

+

+

+

+

+

+

+

+

+

+

+

+

+

L o

+

e

+

4=

+ + + ¥ + + + + + + + ¥

+

+ £ + £ £ £ + ¥ ¥ ¥ + ¥ + ¥ *
+ + + + + + + + + + + + + + + ¢+

+ £ ¥ + + + ¥ + + Fr Fr ¥ + F r F
+ + + + + + + + + + + + + + + +

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

1—

+

+

+

1—

+

+

+

1—

¥ £ £ F F £ F F £ ¥ ¥ + + +
+ £+ + £+ + + + + + + + + + +

f + £ F £ + £ Fr £ + + ¥ +
+ + + + + + + + + + + + + +

=

+ ¥ + + £ F F F £ + + + £+ + F F F F O+ K+ F Y O+ F
+ + + + + +

4=

4=

4=

+

+

+

4=

+

+

-

+

+

=
&=

+ o+
T

+ + + + + F F + O+ ¥ F O+ O+ *
A A N L e e

S N S N S S S 8
R A N L T S e L T T

+ + + + + + +F + + ¥ +F + + 0+
T T L o o T S &

T e e T N A S
L T e e e e F N

F +F F +F F F F O+ F F O+ O+ O+ O+
A A N L e e

e N S S S S 8

—~— Bl




U.S. Patent

Dec. 28, 2021

L-r-r-r-r-r
+ + o+ o+ A

+ + + + + + +
+ £+ + + +
+ + + + + ¥ +
F ¥ F ¥ + ¥
+ + + + + + +
r + + + +
+ + + + + + +
¥+ + + +
+ + + + + +
dn da dn da

CT'._/-"[*

MBI

+ o+

L

Sheet 7 of 34

¢

L

L

F ¥ F + F +

+ + + + + + + +

+ + + + + + + +

+ + + +

US 11,209,904 B2

t+ + + + + + £ + + + + + + + + + +

¥ + + + +
+ +
¥ ¥ o+
+ + + + + + + +
¥ ¥ + ¥ F + ¥ + ¥
+
¥ + ]+ +

+ £ + + ¥ ¥ ¥ ¥ ¥ ¥ + ¥ +£ ¥ ¥ + + ¥
¥ + + + + "+ F O+ F O+ ¥ + ¥
F ¥ F + F ¥ F ¥ F F F ¥ F + ¥
t + + + t+ + + + + + + +
¥ £ + + + ¥ f + + + ¥ ¥ + + ¥
¥ + + + + *¥ + + + ¥ + + + ¥

T ¥ T r ¥ + + ¥
+ + + + + + £+ Fr + + + t
*¥ ¥ + + + ¥ + S+ + ¥ ¥ + ¥
*¥ + + + ¥ +FF + ¥ ¥+ ¥ + ¥
¥ ¥ + ¥ ¥ ¥ ¥ ¥ + F
t + + + + + +
* ¥ r
+ + + + J+r &
¥ ¥ O+ o+ T
+ + + + t
+ + + +l + + &
I
|
I
+ £+ + + + &
* ¥ £ + + + ¥
+ £ + + + ¥
¥ ¥ ¥ F F + ¥
¥ + + + + + + + + ¥
¥ £ + ¥ + + + + £ + ¥ + ¥ + + + F
¥ + + + + + F |+ ¥ + + + £ + + + ¥
¥ F O+ ¥ F + =+ Lk + F F O+ O+ OF OF O+
*¥ + + + + - + + + + + + + ¥
¥ £ + + + ¥ ¥ + + + F¥ ¥ ¥ + ¥
¥ + + + ¥ - + + + ¥ + + + ¥
tr r + + + t r + + + Fr + + + t
¥ + + + + - ; + + + + + + + ¥
+¥ £ + + + ¥ + F F + + ¥ +r ¥ ¥ + + ¥
¥ + + + + + £ + ¥ + £+ + £ + + + *
t+ + + + + + + + £ + + + £ + + + + +
¥ + + + + + £ + ¥ + £+ + £ + + + *
+ £ + + ¥ ¥ £ ¥ ¥ ¥ + ¥ + ¥ ¥ + + ¥
¥ + + + F + F F+ ¥ + £ + £ + F + ¥
t+ £ + £ £ £ + F F £ F F £ £ £ + + F
¥ + + + + + ¥ + ¥ + + + F + + + #
+¥ £ + + + ¥ + F F + + ¥ +r ¥ ¥ + + ¥
¥ +_+_+ + + +
+=F + + "=t _t t
P T S -

—~— Bl




US 11,209,904 B2

Sheet 8 of 34

Dec. 28, 2021

U.S. Patent

FlG. 8

(CL

1Pl

Val?

—~— 3Bl

1

o

SN

N

R

~/

4
4

&
73

o

3

ol

S

2
(RO

PRI

LA,

£

2%,
2%
RS
SREK

5%
5%
1:9582:5%

o/
%
o4,
r i

7

;"'
o
0K

/o
(X

4,
7
i

Lx
.,
z

%

)

%

*




U.S. Patent

Dec. 28, 2021

R

AN
Y,

RO
IR
A

N

NI

%
%
/.

" A
R
SRR
RRARRER

o
X

Sheet 9 of 34

+ £ + + + + + + + + + + +
f + ¥ + + + F+ + ¥ + F+ F ¥ o+
¥ + F + + + + + + + + + + + +
+ + + F + + + F + + + F + + + 0+
+ + £+ + + +£ + + +£ £ + + + ¥ t+ +
+ + + F + F¥ + F F ¥ + F F ¥ o+
¥ ¥ ¥ F F + F ¥ F F F ¥ ¥ F O+ ¥ ¥
+ + + ¥ F+ ¥ + F ¥ F F F O+ F O+ ¥ o+

tf £+ + £ + £ + + £ £ + + + r + + +
+ + + + + + + £ + F + + + ¥ + + +
+ £+ + + + + + + £ ¥ £ £ + £ ¥ ¥ + ¥ + ¥
+ + + ¥ + F + F F F +F F O+ OF F F O+ OF O+ OF
t £ + + + + - -+ + Ff + + + t + t+ t t
+ + + + + + ¥ + + + £ + + + ¥ + +
¥ ¥ + + ¥ ¥ - -+ o F O+ O+ + i
+ + + + + + ¥ + + + + + e —————
r + + + + + - - F F + F F tr £ + + + + +
+ + + + + + + + + + + + + + + + + + + +
¥+ £ + F+ F + + +}]F F ¥ ¥ ¥ ¥ ¥ ¥ ¥ + + + + +
+ + + ¥ + + + + + + + + + + + + + + + + +
¥ £ + F + + + ¥ £ + + + + + ¥ £ + + + + +
+ + + + + + +¥ + £ + + + + + + + + + + + +
¥ ¥ + £ + + + [+ £ ¥ ¥ ¥ + + ¥ ¥ ¥ ¥ + + + +
+ + + + + ¥ +
¥ ¥ ¥ + + + *

ale e al e ale e =

-|J+ ¥ F F F F ¥
I A M s e e S S S e + + + + + + +
¥ £+ + + £ + + + ¥ £ ¥ £ £ £ £ £ £ F + + + ¥ +
+ + + + + £ + £ + ¥ + + + £ + £ F £ + ¥ + + +
¥ £ + £ F¥ + + ¥ ¥ F ¥ ¥ £ £ £ F ¥ F £+ +F + ¥ ¥
+ + + + F ¥ + F F F F F £ F F F K F O+ F O+ OF O+
¥ ¥ + £ ¥ + + ¥ ¥ F ¥ ¥ ¥ £ £ F ¥ F ¥ F+ + ¥ ¥
+ + + + + + + £ + F + + + F+ + F+ F £ + F+ + + +
f¥ £ + + ¥ + + ¥ ¥ £ ¥ ¥ £ £ £ F ¥ F ¥ ¥ + ¥ ¥
+ + + F + F + F F F F OF O+ OF F OF O+ OFOFOFOFOFOF
¥ £+ + + £ + + + ¥ £ ¥ £ £ £ £ £ £ F + + + ¥ +
+ + + + + £ + £ + ¥ + + + £ + £ F £ + ¥ + + +
¥ £ + £ F¥ + + ¥ ¥ F ¥ ¥ £ £ £ F ¥ F £+ +F + ¥ ¥
+ + + + F ¥ + F F F F F £ F F F K F O+ F O+ OF O+
¥ ¥ + £ ¥ + + ¥ ¥ F ¥ ¥ ¥ £ £ F ¥ F ¥ F+ + ¥ ¥
+ + + + + + + £ + F + + + F+ + F+ F £ + F+ + + +
f¥ £ + + ¥ + + ¥ ¥ £ ¥ ¥ £ £ £ F ¥ F ¥ ¥ + ¥ ¥
+ + + £ + + + + + £ + + + £ + + + £ + + + + +
¥ £+ + + £ + + + ¥ £ ¥ £ £ £ £ £ £ F + + + ¥ +
+ + + + + £ + £ + ¥ + + + £ + £ F £ + ¥ + + +
¥ £ + £ F¥ + + ¥ ¥ F ¥ ¥ £ £ £ F ¥ F £+ +F + ¥ ¥
+ + + £ + + + + + + + £ + £ + £ + + + + + + +
¥ ¥ + £ ¥ + + ¥ ¥ F ¥ ¥ ¥ £ £ F ¥ F ¥ F+ + ¥ ¥
+ + + + + + + £ + F + + + F+ + F+ F £ + F+ + + +
f¥ £ + + ¥ + + ¥ ¥ £ ¥ ¥ £ £ £ F ¥ F ¥ ¥ + ¥ ¥
+ + + £ + + + + + £ + + + £ + + + £ + + + + +
¥ £+ + + £ + + + ¥ £ ¥ £ £ £ £ £ £ F + + + ¥ +
+ + + + + £ + £ + ¥ + + + £ + £ F £ + ¥ + + +
¥ £ + £ F¥ + + ¥ ¥ F ¥ ¥ £ £ £ F ¥ F £+ +F + ¥ ¥
+ + + £ + + + + + +r + £ + + + £ + + + + + +

¥ ¥ + £ ¥ + + ¥ ¥ F ¥ ¥ ¥ £ £ F ¥ F ¥ F+ + ¥ ¥
+ + + + + + + £ + ¥ + £ + F+ + ¥ + ¥ + + + +

¥ ¥ + £ + + + ¥ ¥ F ¥ ¥ £ £ ¥ £ ¥ ¥ ¥ + + r

+ + + £ + + + + + £ + + + £ + + + £ + + +

+ + + + + + + £ + ¥ + + + ¥ + £ + ¥ + ¥

—~— bl

US 11,209,904 B2




U.S. Patent Dec. 28, 2021 Sheet 10 of 34 US 11,209,904 B2

6. 10

+ + + £+ + + + + + + +

+ + +

+ + + + t
+

+
e
e
+
+
+

¥ O+ + + + + +
tf + + £ + £ £ + + £ £ + F F +r £ £ + t
+ + + + + + + + £ + + + ¥ + + + ¥

+ + ¥ + + ¥ ¥ ¥ F¥ £ + ¥ Fr ¥ ¥ ¥ + + ¥
¥+ + + + + + + + £ + + + F + + + ¥
t+ + + + + + + + + t+ + t

+ + + + + + + + + + =+
+ + + + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +

+ + +
+
+
+
+
+

+
o
o
+
+
+

Tt T ot ot ot o o+t 1 o+ o+ o+
+
+
+
+
+

=+

—~— 3Bl




U.S. Patent Dec. 28, 2021 Sheet 11 of 34 US 11,209,904 B2

PG 11




U.S. Patent Dec. 28, 2021 Sheet 12 of 34 US 11,209,904 B2

PG, 14

SB1



U.S. Patent Dec. 28, 2021 Sheet 13 of 34 US 11,209,904 B2

. 13

Wil oo MPL qpy

f———
+-—-
+ + + + + + o o+
+ ¥ + ¥ + + ¥
+ + + + + + o o+
+ + + ¥ + + &
+ + + + + + o+
+ + ¥ ¥ ¥ +
+ + + + + + o+ o+
+ + + ¥ + + F
+ + + + + + o o+ g
Vbl?.’ MBl’l
+ + + +
+ + + + | pF + £ £ + ¥+ + r
+ + + + + ¥ O+ 0+ +
+ + + + ¥l + £ £ + + +
+ + + + +
F T r T + + + + ¥ ¥ + rF ¥+ T T
F ¥ ¥ + F F F F F F OF O+ OF F OF F]F FOFOFOF YO F YOO OF Y OFOFOFOF
+ ¥ + ¥ + ¥ + ¥ ¥ ¥ ¥ ¥ ¥ + * + ¥ + ¥ + ¥ + ¥ £ ¥ ¥ ¥ ¥ ¥ + ¥ o+
+ £ ¥ + + + ¥ + + + ¥ + + + + + + + + + + + £ + ¥ + £+ + ¥ +
+ + + £ + £ +£ ¥ £ £ ¥ ¥ + 4 Jr + + + ¥ + F F F F + F F + + +
t + + + + + + + + +t + +t + t + + + + + + + + + + + + + t +
+ + + £ + £ +£ ¥ £ £ ¥ ¥ + 4 F + + £ ¥+ + + £ ¥ + + £ ¥ + + r
+ £ + ¥ + £ + ¥ + ¥ + ¥ + + + + + + + ¥ + £ + ¥ + £ + ¥ +
+ £ + £ £ ¥ +£ ¥ ¥ ¥ + ¥ + # F + + + ¥+ + + £ ¥ ¥ + £ ¥ + + F
t+ £+ + £ + £ + £ + £+ + + + + + + + +£ + + + + + £ + £ + £ + £ + +
+ ¥ + + ¥ ¥ +¥ ¥ ¥ ¥ ¥ ¥ F ¥ ¥ ¥ F ¥ F ¥ F ¥ F £ F ¥ F ¥ ¥ +r ¥ o+
+ + + £ + + + £ + +£ + F£ + F£ + F£ + F + £ + F + £ F ¥ + ¥ o+ o+
+ + + £ + £ F+£ ¥ £ £ ¥ £ £ £ ¥ £ £ +¥ ¥ +£ £ ¥ ¥ +£ £ ¥ ¥ + ¥ ¥ +
t+t + + + + + + + + + + + + + +t+ + + + + + + + + + + + + + t +
+ + + ¥ + + £ ¥ + +£ ¥ ¥ + £ ¥ ¥ + £ ¥ ¥ +£ £ ¥ ¥ + £ ¥ ¥ *
+ + + F o+ ok F F F F ot b trs T—p ek, + + + + F F o+ o+ O+
+ + + + + + + F + + + + o e + o+ +

r o+ * ¥ + + ¥
r + + + +r + r + r + + + + * + + + + + +
+++++ﬂ-ﬁ+++++++++\++++
+ ++++++++++++\\++
t F +t F O+ F F F OF OF O+ FME
tr + + + £ + £ T+ £ T+ + + t
+ F +t F + F F F F O O+ O+ o+
+ F + F F ¥+ F O+ O+ o+ ¥
F F + F F F F F F ¥ O+ ¥
r + £ + £ + £ + £ + + T+ +

¥ + + + + F + F + + + ¥
¥+ + + + + + ¥ + + + + + + \

A

+
+

=+
-r

=3
-r

=

F £ F + F F F ¥ F F OF O+ ¥

t+ + + + + + f + + + ¢t

+ + + + ¥ ¥ + + + + + )
+ + + + ¥ + + + + + +
¥ ¥ ¥ + ¥ + ¥ F ¥ + ¥

+
-r
+

3=

t + + + + + + + + + t

+
+
+

+

+

+

¥ + + + £ + + F + + ¥

¥+ + + + + + ¥ + + + + + +

+

+

+

=

FoF F O+ OF O+ F O+ F O+ F
1-1-1-1-1-1-1-1-1-/

+
-r
+

*
+-|-+-|-+-|-+-|-+K+
+

+
+ + + + + + + + + + +
+

+
+ + + + ¥ + + + + + +
+

SB1 S~



U.S. Patent

Val2

(_ - frﬂ“‘ f".’

Dec. 28, 2021

"
¥

R RO
2 od,

- 250005000 '

SO :
RPN R PR AR AT R R R R P P R PR P RRATE Yo R
Y00 00 o g g gy 2055005 RPRELIAGIIREL IHKETIRITHKRAPHARIA RO HR AT
19 D o g i lay la gl Vg 00 5% Rt 0 00 0 e 0 00 e 0 e 5 s W .50y
G2 G20 e e 50 100500 0.5 100, AR IR IR EIRELIREE NI PR
Gl g lug i lag ilny 4520452045 DRI KR IRETARATIRATHKAN ROy on ey
IR IR TR TR PP X ROIROIORIREL IR IRETIRETIREAN R
- PP 950 XA 00
AR AR IR IR B A LS RO IR SR IR PRI XS

Bl gl 9 00050005700 LRIR KR AR TR AR AR Y

DR AT IR AT IR AR NP AR AT HA LT HRET IR ROHR L IR IR AT IR FR LT HRETH

UREOTIR T HARAPER AR TR IR ETRTIA PR AR TR SRR IR HK]

R RN I IR RO RA IR AR RN AR AT
sty e WA et ke et a b ay s M et
IR D 00 I g g oty 4500 000 .50 0.0 W10 7. 5100 0. 000 0,550 0.5 . 500 0 50 0 51 W e 0.57¢
AR RIISR TP THARETHARETHRY IR SRR T HARETIRETIRETIAITIAIT AT
S P e g g oty b e e et ot W e . e e . e 0. 5 e 4. 520 0. 00 s v o I 4.5% 4
It g g g b, 00 e e 0. 1t AW 7 G e 0. e 100,510 0.5 000500051205 W 5 104:%
g g e g 0 0.5 0005 000 e R 0. (0.5 005 0 0.5 00 5105005 B 51 0.5%:
G g g e 0 0 0 e R b0 L 0.8 0.8 L 05 bt o et o et b I 455 %4,
- 1,500 0,500 0,560 0.5 RGP AIPREGIINREIIRA PRy
A AN et r e r it ol ] S
. 7 ]

R n '
DR HR AT KR AT HR XA

R AR PRI :
RO RIS ;
GLUT Ll LN % s,

Sheet 14 of 34

Vbl MP1’

US 11,209,904 B2

)
R
MO

S

N
\ S

S

R
uﬁ*ﬂ

S

R

g

S
R

*y

Pty
R

b

)

]
b

S

]
A

\.ﬂ-&*&

N
RN

X

e
\.*FFFF‘

S
R
.-i

F Y

X
S

X
‘¢+¢*‘¢u
RS

X
AR
vb‘?""}*ﬁ
N

LY

N\
N\
tﬁ'}***ﬁ

KR
R

X

QS

v}*ﬁﬁ
“'

R
-I*
WY
I

"'

N

Nty
RN

NN
Y

A0

L)
X
RS

k
k
k

+ + + + + + £ £ +r + £ + F+ + £+ F + Fr +r F F Fr +r F F Fr +r F + + t

¥ + + + £ + £ + £ + F + + + & F F +F F F F + + + F + £ + + + + o+
¥ £ + ¥ £ ¥ ¥ F ¥ + + ¥ ' + o+ ¥ F + F+ + F + £ F£ ¥ + +
¥ + + + + 4+ + + + 4+ + 4 + + 4+ + 4+ + 4+ F 4+ F 4+ F + 0 4+ 0+ 4+
f £+ + + + £ + + + £ + + + + £ £ + + £ £ £ + £ + £ + +
¥ + + + + + + + + + + +ZP1 + + + + + + + ¥ + ¥ + F + ¥ + + +
¥+ £+ + ¥ + ¥ ¥ ¥ ¥ +r + r ¥ o+ ¥ F + + + ¥ + ¥ + + + + +
¥ + + + + + + + + + + + . + + + + + + + £ + F + F + ¥ + + +

+ + + + £ + + + + + + +}J+ + + £+ £ + + + £ + + + + + + + + t
¥ + + + + + ¥ + + + + + £+ + + + £ + + + £ + £ + ¥ + + +*
¥ £ + + F¥ ¥ £ + ¥ + + ¥ ¥ + * ¥ £ + + + ¥ £ ¥ + ¥ + + ¥
¥ + + + +F 4+ O+ F O+ + O+ 4 + + + + + + + F + F + OF O+ OF O+ OF O+ O+
+ + £+ £ F + £ £ + + £ + F[t £ £ £ £ F+r +r F £ + +r F £ + +r F + + t
+ + + + + + +
¥+ + + + + + r
+ + + + + + +
¥+ + + + + + r
For o e———————— e p—————————————— + + +
¥ £ + + F¥ ¥ £ + ¥ + + ¥ ¥ + * ¥ £ + + + ¥ £ ¥ + ¥ + + ¥

¥ + + + ¥ + F + £ + + 0+

¥ + *
+ + +
¥ + r

+ + +
+ + +

F F + F F F F F F F F F F F o+ F O+ F O+ F O+ OF O+ OFFOFFOFFOF Y OF T

¥ ¥ + + + ¥ + ¥ + ¥ + + ¥
+ + ¥ + + + ¥ + + + + + +
¥ ¥ + + + ¥ + + ¥ ¥ + + F

¥+ + + + + + ¥ + + + + + + +

¥ ¥ + + + ¥ + ¥ + ¥ + + ¥
+ + ¥ + + + ¥ + + + + + +
¥ ¥ + + + ¥ + + ¥ ¥ + + F

t+ + + + + + + + + + + + + £ + + + F F+ +r + +r F+ +r + +r T+ F + +r t+ F +

¥+ ¥ + + ¥ + + + + ¥ + +
+F + + + £ + F + £ + + + + +

£ + + & £ + £ F£ £ + F£ £ F F F Fr £ + £ £ F £ F F *+ + + + ¥ ¥

+ £+ + £ + £ + £ + £ + £ + £ + £ + £ + £ + £ + £ +r £ + £ +r F t + 1

+ £ + + ¥ + £ + F + ¥ F ¥ + F £+ ¥ ¥ F F F ¥+ ¥ ¥ F ¥ ¥ ¥ ¥ ¥
+¥ + + + + + £ + + + £ +F £ + £ + £ + £+ F £ + £ F+ ¥ + F ¥ ¥ +
+ + + + ¥ + + £ ¥ £ £ £ £ £ F£ £ £ + F F F £+ ¥ £ ¥ ¥ £ + ¥ ¥
t+ + + + + + + + + + + + + + + + + + + + £ + + + + + + + + +
+ + + £ £ £ + £ £ £ ¥ ¥ + £ £ F £+ £ £ F ¥ £ £ £ £ ¥ + + +
+ + + ¥ + + + + + +£ F £ + F+ + £ + £ ¥ ¥ + £ + + + F¥ + #
¥ £ + F + ¥ ¥ £ F F ¥ ¥ ¥ F ¥ ¥ +£ £ £ F£ ¥ ¥ ¥ ¥ + r
r + + + + + £ + £ + £ + £ + £ + £ + £ + + + +
+ + + + + £ + + F + ¥ + F ¥ F ¥ + + ¥
+ + + + + £ + + + £ + £ + ¥ + + +
¥ £ £ £ ¥ + +£ ¥ F + ¥ ¥ ¥ ¥ ¥ + §
t + + + £ + + + + + + + + + t+ *
+ + + + + + + + ¥ £ + + ¥ + + +
+ + + + +¥ + + + ¥ + + ¥ £ + ¥
+ + + ¥ ¥ £ ¥ ¥ + ¥ +¥ ¥ + *
+ + + + + + £ + Fr + £ + + + ¢
+ + + ¥ + + F¥ ¥ + F+¥ + ¥ + F
+ + + + £ + + + ¥ + + +F ¥ + ¥
F F F F F F F F F OF OFOF O+ F

+ + + + + + £ + £ + £ + + t+ t
+ £+ + ¥ + + + ¥ ¥ + ¥ + + r
+ + + + + + £ + £ + £ + + + +
¥ F ¥ F F F F F ¥ F F ¥ F ¥
+ + + + + + £ + Fr *+ £ T+ + T+ +
+ + + ¥ + + + ¥ + + ¥ ¥ + ¥
+ + + + + + F+ + F + F + + + o+
+ F + F F F F F O+ F F O+ O+ ¥
+ + + + + + £ + £ + £ + + t+ t
+ £+ + ¥ + + + ¥ ¥ + ¥ + + r

SB1

+ + + + + + £ + £ + £ + + + +
¥ ¥ F ¥ F F F F F F ¥ F F ¥
+ £+ + + + + + +£ + + + r +



U.S. Patent Dec. 28, 2021 Sheet 15 of 34 US 11,209,904 B2

MT1




U.S. Patent Dec. 28, 2021 Sheet 16 of 34 US 11,209,904 B2

PG, 16

Nijl




U.S. Patent Dec. 28, 2021 Sheet 17 of 34 US 11,209,904 B2

RN
MW2
RWZ riol
MW
RWL.




U.S. Patent

St

Dec. 28, 2021

Sheet 18 of 34

FlG. 18

)]

0
]

Stidd— —

US 11,209,904 B2

——JB4

Stidd




U.S. Patent

Dec. 28, 2021 Sheet 19 of 34

16, 19

Vall

—~— B2

BPZ
bel

O O

O O C

MB<?

O (
O (

US 11,209,904 B2

MB<I



U.S. Patent Dec. 28, 2021 Sheet 20 of 34 US 11,209,904 B2

<l

—0b2




U.S. Patent Dec. 28, 2021 Sheet 21 of 34 US 11,209,904 B2

4!

— B¢

.
+ +

+

¥ r

¥

+ *

+

+ F

.

¥ F

+

¥ r

¥

+ *

+

+ F

.

¥ F

+

¥ r

¥

+ *

+ + H

+ F

+ + H

¥ F

+ + H

¥ r

t + ot

+ *

+ + H + + + + ¥ + + £ F F F ¥ ¥ ¥ F F £ £ +F £ F+ ¥ ¥ + + ¥
+ F + £ + ¥ + + F¥ + £ + F + + + £ + F + £+ + F + ¥ + ¥ o+
+ + H + + £+ £ £ + £ F £ F + r F F + +r F F £ +r F +r F F + t
¥ F + £ + £ ¥ + + + £ + ¥ + £ + £ + F + £ + £ + £ + ¥ +
+ + r ¥ £ £ £ ¥ + + £ ¥ ¥ £ £ £ £ ¥ ¥ £ £ £ £ £ ¥ £ + + ¥
¥ + r ¥ ¥+ + £ + + + £ + £ + £ + £ + £ + £ + ¥ + ¥ + + + ¥ + ¥
t + + £+ + £ + + + £ + + + £ + + £ £ + +r +r F+ +r F Fr F +r F+r Fr F +r Fr Fr F +r +r Fr F +

+
+

+ + + £ ¥ £ +£ + £ + +£ £ F £ F+ £ + £ +£ F F £ +£ +£ + £ + F ¥ F £ + F ¥ + ¥ + ¥



U.S. Patent

PG, ¢4

Dec. 28, 2021

Sheet 22 of 34

wp—
Q\2

- dB2

+ + + + + + + +#
+ + + + + + + t
+ + + + + + + +
+ + + + + + + +
+ + + + + + + +*
+ + + + + + +
+ + + + + + + +*
+ + + + + + + +
+ + + + + + + +#
+ + + + + + + t
+ + + + + + + +
+ + + + + + + +
+ + + + + + + +*
+ + + + + + +
+ + + + + + + +*
+ + + + + + + +
+ + + + + + + +#
+ + + + + + + t
+ + + + + + + +
+ + + + + + + +
+ + + + + + + +*
+ + + + + + +
+ + + + + + + +*
+ + + + + + + +
+ + + + + + + +#
+ + + + + + + t
+ + + + + + + +
+ + + + + + + +
+ + + + + + + +*
+ + + + + + +
+ + + + + + + +*
+ + + + + + + +
+ + + + + + + +#
+ + + + + + + t
+ + + + + + + +
+ + + + + + + +
+ + + + + + + +*

+ + + + + + + + + +

+ + + + + + + *

+ + + + + + + + + + + + +
+ + + + + + + + + +*

+

+ + + + + + + + + +
+ + + + + + + + + + + + + + + + + +
+ + + + + + + + +

2
\
WH22—

NI I S IS
R

N NN
N N SN NN

N E TN EET N
AR RRARIIERIN
DR RN
AN ON SN SN NN

Y
A A A A N A N N AN R AN N

US 11,209,904 B2

+ + + + + + + + + + + + + + + + + + + + + + + + + +

+.
+ + + +
+ + + +
+ + + +
+ + + +
+ + + t
+ + + +
+ + + o+
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + t
+ + + +
+ + + o+
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + t
+ + + +
+ + + o+
+ + + + + +
+ + + + t
+ + + + + + + +
+ + + + + +
+ + + + + + + +
t+ + + + t+ + +
+ + + + + + + +
+ + + + + + +
+ + + + + + + +
+ + + + + + +
+ + + + + + + +
+ + + + + + +
+ + + + + + + +
t+ + + + t+ + +
+ + + + + + + +
+ + + + + + *

+ + + + + + + o+

+ + + + + + + + + + + + + + + + + + + + + + + +r + + + + + + + + + + +

+ + + + + %
+ + + +
e N2 T
- I
+ + +
+ + + +
++N+
+ + + + + + + +
+ + + + + + +
+ + + + + + + +
+ + + + + + +
+ + + + + + + +
+ + + + + + +
+ + + + + + + +
+ + + + + + +
+ + + + + + + +
+ + + + + + +
+ + + + + + + +
+ + + + + + +
+ + + + + + + +
+ + + + + + +
+ + + + + + + +
+ + + + + + +
+ + + + + + + +
+ + + + + + +
+ + + + + + + +
+ + + + + + +
+ + + + + +
+ + + + + + +

+ + + + + +
+ + + + + +

=+

+
+

+ + + + + +
+ + + + + + +

+
+

+
+ + + + + 4+
+ +

+

RN
RN
RN
R RRANRRINT
sl

Vadl



U.S. Patent Dec. 28, 2021 Sheet 23 of 34 US 11,209,904 B2

0

—~— B4

+ ¥ + + + + + r

¥ £ + ¥ + + + r
+ + + + + + + +

¥ ¥ + ¥ + + + ¢
¥ F + + + + + + +

+

F + + + F + F + F + F F F F F F FFFFOF LY F R OF YRR R R OFOFOFFOFOFOFOFOF
+f + £ + £ r r +r + Fr + Fr + + + + + %

t + + + + + £ F + +t + + £ + + t + + + t t




U.S. Patent Dec. 28, 2021 Sheet 24 of 34 US 11,209,904 B2

Va2l — 1

N/



U.S. Patent Dec. 28, 2021 Sheet 25 of 34 US 11,209,904 B2

L~ SB?

PG, €0

R S NN KN AN NI KN NNN
AR R SRR
R R R R R R R RN
R R R RN RN IR
B N N N N Y N N NN N sy
R R R R R R R RN
A R A I NN
R R R R R R R
R R R R R R R R RN
L A M e A I S S SIS SO SO
QNN KNI N XIS I NN NNH RN
BN N N N N N N e Y N N LN N ey
R RS R R R R R IR
N N N A N N LN A Ll b ey
SN SN LN LN NN LA LN LA L
B I SAKISAKE N MK N AIH N NRN!
R R R R R R R
R I X R S S
\S R R R
RN IIINAX KNS XS
R R RS
DR AR
R RIS
B R R oA
YotdsdErtedandesie
N S SRR
N IR
O SRR S
AR AR AR NI K NN NNXR
NI *'-l- uﬂ-\u}t“-ﬁ% "ib+ ﬂ*‘ \
[

b
: PN
RN IR
RS RRRRIIRR
| ] L)
SRR R
R R RN RN
N RN S AN SN O]
R O I S S
QAN MO T N TN
MM IS IS
NN ADCIC T I M
NI
WM OeN,
IR
RN
B

KRR,
295295

%

b
%
s,

.

L X 7 L X 7 L X 7
SRR
O KRR,

ol
10050005
"l

ol

%

(0
(X

r
X
52
2
X
52
%

"l
o
G

(27
oo

58
47,
/s

X
52
2

X
52
%

X

“s;
s,
R

%
(
%

X
(%
%

X
(%
%

2 |
RO,
G5
1005007

s2%.

2.

ARG INEERAG
IR AR P AA
R SHSRTK

49
o {t&ﬂf

(RO
"l-
)

IP

5
N
%S
7
2%:9%
VY
2%
Yy
‘l
%7
“%
g
‘l
%7
4,
79
G0y
9K

e,
(X (S
(X

5%
2.5%
2.5

(X

LR,
2.5%:
5%
LR,
5%
5%
550
oo

OIRET%
RIS
G
7,

4
%:
o
2%
%:
o
2%
o
%%

7
25555

_%_
o/ v
o5
*ﬂ:
75
7
o
%
'/

4
QN
RIS
QRN

QUNRRAN
BRI
RN

QANRRINNRENRRA

R R
R AR R AR
R IR,
R AR R AR
R
IR
R RRRENAIANNN
RIS RIKENNRRN
RSN RN AN XA
QNI NRKHINIE NN

Vo) ?ﬁ'&'?ﬁ':‘?ﬁﬂﬁ:ﬁ?" SO
DO S K RN A NN
R RS

A A A A A AN A A A TN
LA A A A S A AN A
R R OIS

e **%‘H:
2 2 2 2 Y
O R R R R R R RIS

%%

2%
4,
ﬂ#

2%
RAS

s
£
7559

%
7
ﬁi‘

Y07
¥/
255255
%
'
%
',

%

2
rmr
S
2

.,.
%
A

'l
25
‘_l

a*
7
s
9
%
7

ﬂ;ﬁﬁw

TR
#‘f‘r{*

P

'l f*

4"{‘-{‘

ol

b
%
%

oy
hY
o
(K
X

’

Pl
F

ﬂ

25504,
7547,

o
75

o4
%
/p,
'

%%
py
%%

20 5%
R

"f
2
7ol

X
7,
ﬂf

7.
7.
Slee.

o

5%
L/
L7

LA
ﬂ"{*
Gt
oy
%0,
%7
Lo ted
e St
G555
ﬁ*ﬁ:ﬂ
#&1
Yo

5

",

Vage'



U.S. Patent Dec. 28, 2021 Sheet 26 of 34 US 11,209,904 B2

PG, 20

bm?]

ace

ted




U.S. Patent Dec. 28, 2021 Sheet 27 of 34 US 11,209,904 B2

S
2 L
ace O
-
tel —
N’
"



U.S. Patent Dec. 28, 2021 Sheet 28 of 34 US 11,209,904 B2

FlG. ¢4

ted




U.S. Patent Dec. 28, 2021 Sheet 29 of 34 US 11,209,904 B2

G ¢4

MT2

NCCs

[ > RSPs

SPPu




U.S. Patent Dec. 28, 2021 Sheet 30 of 34 US 11,209,904 B2

. 0

NCCd




U.S. Patent Dec. 28, 2021 Sheet 31 of 34 US 11,209,904 B2

1u V'b14" V_bll,, MP]_ L
MT2

L I + ¥ + F &
F T N f Tapennn "IN TS TS T RN,
f + + ) + O+ + F F F 4
FoF o+ 4+ ¥ F F + + + +
+ + + + + * ¥ * F +
¥ - o+ - F F + ¥ ¥
t t + + + + + t ot
oo+t + F F + + + +
+ + -+ + + ¥ F F #
r + *r r + r £ £ r r +
t ¥ o+ o+ 4 v oF 4+
LT t +t Fr t t t t
+ + + -+ o+ o+ 4
r o+ o+ o+ + + + + + t+ + 1]
+ ¥ F + + + F F F O+ %13
FoF o+ 4 + ¢ ¢ + + + + |H
r r r 1-1-1-1-1-1-1-1-';-“"‘_""#
¥ o o+ - F F + ¥ ¥+ ¥
t r + + t t r r ©
FoF o+ F F F F + + + +
o+ F +t F + F F F t
F o+ O+ o+ F F F £ ¥ + +
: ¥ O+ ¥ F -+ + + F F F O+
r £ *r r r + + r £ r + r *r + + r o+ +r r - r £ £ *r r +
F o+ + + + ¥ ¥ ¥ F F £ + + 4 -+ + F O F o+
+ + + + + + + + + + + + F O+ - + + + + + t +
F + + + + ¥ F FF O+ F F O+ o+ + + + + + F F O+
t + t + F F Ot ¥ Pt ot + F F o+ ok o+ F
r r + t t r t r r r ot ottt * +t +t t r r r
¥ F F F OF O+ o+ # F O o T T r r - F F + ¥ O+ &
rF f r r r + r r F F + T + + i-+i-+i-+i-+l-+1- + + t+ * t r
+L+L+J_+J-+.I-+L+J_+ +J_+I_+J_+J_+l_+]_+j_ — + + + + + + + L] L} T T L] L] L}
' ¥ F F F &k F kR ok ko F ¥ -
£ r £ £ r & +£ *£ £ £ *£©£ *¥ £ + +# * * *
¥ F F F + + F F F F F F + + ¥ + ¥
+ + + + r + + + + + + + F + + + +
* F + + + F F F F F + F + +
t t F +r F + t F F F
n N 1) t+ fr ft +t t t Fr t tr °
O T
ml + r £ + ¥ ¥ + + ¥ +
O .
t + + t t + t t t F
E R T T T R R R
t + t *r r r f t 7t
* F + + + t F + F F
+ + + + F + + +
¥ F f + + F ¥ + ¥
A N L N
rf r f £+ + fr £ r °r
O R
r r £ *+* *r *£ *£ *+r *r +
+ + + + F F o+ & 4
r ot rot
£ F F + + F F o+ ¥
t ot ot ror o+ o+t
¥ F £ F£ + + + + ¥
+ + + + F + + +
¥ F F + + ¥ ¥ + ¥
+ + t+ + + F + +
#$ ¢+ r+ r r r r rr
R L R
+ +
-
+ +
L
+ &+
-
¥ f
*
+ ¥

Bep” | SBU ol
STRL2 STRI1" BCMI

G, 38

SRR ' s les.
W00 5%, RIS
R R IR IR, 3 ROPIRETLR
o S ST O TSRS
U020 200520500 0.5 - 2ol 0 20 05000

XL R AR

KX ORI ELETEA




U.S. Patent Dec. 28, 2021 Sheet 32 of 34 US 11,209,904 B2

(. 33

2”

A

X
%
%
4

i

—Vadl’

NN

[ 9

— SBR’

" BPR’
bel

OO0 OO

OO0 OO

L+ ¥ + * r ¥ + r + +
+ + + + A -+ + o+ F
+ + + + ¥ ¥ + + + +

F + + + + | -+ + o+ F
¥ + + + ¥ ¥ + + + +

F + + + + -+ + + F
¥ + + + ¥ +¥ + + + +

”_,/_' + £ + + & "_/_ ¥ + + +
F + + + + F + +

¥ + + + + ¥ + + + +
F + + + + F + + + o+

MBRR" MBR1™—"~

S S . S —r T T T
+ ¥ + + ¥ + + + + +

F + r + & F o+

+ + + + + ¥ + + r

) | S N B 1 F + + +

+ + + + r + + + + +
[[17/8 SN S50 I 174 BN SEOCE0E00
r + + t t + £ + + t

F f o o+ o A F +

+ ¥ + + ¥ + + + + +

F + r + & F o+

t + + + t + £ + + t

F f o+ o+ A F +

+ + + + r + + + + +

Fo+ o+ R S T R




U.S. Patent Dec. 28, 2021 Sheet 33 of 34 US 11,209,904 B2

. 34

S Pessd
L't
#mr"

T
SR
R RSSO
P PO o P
;rﬁ'l+ﬂﬂ*l¢%¢+$

L] L]
LRSI

ol
d e e T,
ﬁhﬁﬂﬁﬂpﬂﬂ} ﬂﬁﬁ

Va23"—

MBR™ MB21™~

R ITHA LT TRl
PRI,
RS AR
ﬂﬁ-ﬁﬂ'ﬂ;ﬁfﬁ"ﬂ

o olery
NN 5007

%7 i""ﬂ"ﬂ'ﬁ*ﬁ%

: Koot A
qr d? .

A R

v b regt s i ]
A
A P o PR AT )
R R R
IR
PRI LIRS

Y

DHIN
SO
R

k




U.S. Patent

Dec. 28, 2021

(. 3

AN TNATIANNNRNS
AR R RN

AN

*1
4
s

%%

%
(XN

SRAS

%,
',

NN

-

ot

e

R
RN

AR

R
Faa
NN
R
PO

S

% SN S

L fff?'fff?'fff
o, S L
RSO RARTEE
5% RSB,
vy

7% R
2. ',

%

R

7
4
X
7.
(A
2.

o

2

g%

Nty

W
BRI
Q7
4%,

%

S
547
RO,
o
o

N A
2%
2%
v

LA S KR A KA N
SRR

R R TN
R R AR IR
O il ity
M LA (A
LA 4

Ay

?_
S
%%
9
%

%
s
%

ot

AN N

OSSO
WS
R

R

W)
IR
R

T
S
RRTRR

R
N
‘*&&gﬁ N
e
AR
'¥+$ ™

NN

A
%
(A
55
f*’j,"
4%
o

oo
2529

*’hr"'h"#

%
%
08

(50
95505
RSHRTHS
CROIARIOALY
B85
LA

SN

R
SRS XX
AT
IR
RN
SRR
o\
AR Q& XX
XX
IR
RN

0

e

Yok S S
RN
N AN TAY
: Nttt
IR
A Se)

"*
R
S

R
W

A

%

AR
R
R
N ‘Q&\"}Qﬁ

el

+

R

25
o 2

o

ah

Mt

W

'l*

AN

XISy
PR
R
AN R

QR
R
SRR
RNRRS
AR
DN

RS

*

9
LR,

Nt
N
“L"‘F{ﬁ

AT

R
A

AOTA AN
‘%‘}ﬁ*ﬁ‘* 5
ORRIRRR ﬁn ﬁu
R RN

R

R

SRR

7
S

AN

b,

S

.t

X

2557

49550,

7%

R

S

WS
™

2%

SRR
W5 W

RN
K
S ‘ﬁ#‘*“

R
N

R

SRR

A%
R
SRR
SR
R

Nty
"&+$§+

\*}'*i\ﬁ

NS

+ﬂ+‘}ﬁ

/.

%

R

R

"\
XN

AT

W

RS
Q*!*‘{.ﬁ
R

vy,

W5
R
AR
W Al )
RSN
R
RIS
RIS

72

i

O

SIS
'

*»

A8
ANND

RN

.\.‘s\*}‘*ﬁ
000
XX

.

At

.
R

%

DTN
R
Ty

A,
AR

XX

(L

N

&S5RG

%

SR

R

R

AR

Y

XN

A

e
KR

*

2200

A
s %
RIIR

s
2%

LA

7,
¢ 2
5

Lo 2l ey,

S50

e
*f'#

g

M KAAL

v,
!d"
v,

A\

o o
f*ﬂi’ Llyttey, g

;i"

vy

(L

v
5%

Ny
\ o
W S
A e

R

O

R

o

a

Sy

{4

o
(A

ROSRSEKI

RO

AR

-

257

7,

(R

%%

1*
Ny,
RN

SOV

SO0

iy

¥
S
%%

%

pt,
2554

7%

S
S

N

2559%

070

Ao

&,

2%

405

SN

R

e

@.
2,

%
64

>
26
>

R
97

O
%% %
*%**hf %55
GRS

2%

KA
KA

¥,
XK
RORTE
P

,o

S

X
*"’3.*

\ e

X
R
SN

QAR

AR

A
AR

AL

2%

0,
',
R

%

42,

(A
2000000,

%

7%

-
XA

%%

7, ',
*ﬂfﬁ*ﬂj .
A

0]

"1

r’)

KA
r.p,ﬁ#

S

%

¥,

1}
Ty,
3?@3?132 Vazz
QRN

XA

XS0

1507,
L™ ]
L™ ]

SR

s

2

25
472
¢ A%

Sheet 34 of 34

2!!

US 11,209,904 B2

¢ 2

5%
"Jr#..

e,
e,

7,
/L

'ﬁ ‘

SN R, S S e ey
$*~ ﬁ*ﬂ*ﬂ*ﬂ*ﬂ*@
NN AN DA AN

,,

P
Y
o

P
290

PRt

P
/,

E
E
)

ol

F F £ + F F F ¥ F ¥ ¥ + ¥
t t F + + +t F + + + + + +
+ + + + + + + F + + +t t +
r ¥ + ¥ + + + + F r o+
F + £ £ ¥ F £ + F £ + + F
r o+ ¥ + + + + + + + ¥ t+ +
+ + + + + £ + + + + + + +
F + + + F + F ¥ + + + F

1} F F + + F F + + + + F
FoF o+ o+ ot # FoF o+ o+t 4
+ + + + + t + + + + +
F + + F+ + F F F + F + F
r + + + r rF F + F F F
¥ £+ + ¥ + + ¥ + + ¥ + +
+ + + + + F + + + + +
F + + + F + F ¥ + + + F
F + + + F rF F F F F ¥
FoF o+ o+ ot # FoF o+ o+t 4
+ + + + + t + + + + +
F + + F+ + F F F + F + F
r + + + r rF F + F F F
¥ £+ + ¥ + + ¥ + + ¥ + +
+ + + + + F + + + + +

F + + + F +

F + + + F rF F F F F ¥
FoF o+ o+ ot # FoF o+ o+t 4

Ot o+ o+t t + + + + +
" F F + F + F

¥ r rF F + F F F
+ £ + t +

r + + + r

+ £+ + + + + +
+ + F
+

RCM2" | STR21”
Vb21”



US 11,209,904 B2

1

TACTILE STIMULATION PROVIDING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority under 35 U.S.C. §
119(a) to Korean patent application 10-2017-0183617 filed

on Dec. 29, 2017 and Korean patent application 10-2018-
0074358 filed on Jun. 27, 2018 1n the Korean Intellectual

Property Oflice, the entire disclosure of which 1s mcorpo-
rated herein by reference.

BACKGROUND

1. Technical Field

The present disclosure generally relates to a tactile stimu-
lation providing device.

2. Related Art

A tactile stimulation providing device includes actuators,
and selectively vibrates the actuators, thereby providing a
tactile stimulation to a user.

The tactile stimulation providing device may be provided
suitable for various body parts of a desired user.

However, the user may not only use a corresponding body
part to simply feed a tactile stimulation, but also use the
corresponding body part as an input means through a touch,
a motion, etc. Therefore, the tactile stimulation providing
device should be properly provided 1n a structure that does
not provide inconvenience to an input action of the user. In
addition, even when the input action of the user becomes
intense, the user’s wearing of the tactile stimulation provid-
ing device 1s not released, and the actuators should be
adhered closely to a desired body part.

Also, the user may wear the tactile stimulation providing
device on clothes including socks, gloves, shoes, and the
like, 1n addition to a case where the user simply wears the
tactile stimulation providing device directly on a body part.
Therefore, 1n the tactile stimulation providing device, 1ts size
should be easily changed depending on situation, and the

actuators should be adhered closely to a desired body part.

SUMMARY

Embodiments provide a tactile stimulation providing
device that facilitates changing of 1ts size, 1s firmly fixed to
a body part of a user, and does not 1nterfere with an mput
action of the user.

According to an aspect of the present disclosure, there 1s
provided a tactile stimulation providing device including: a
wearing part having a first side and a second side that 1s the
opposite side of the first side, wherein actuators are disposed
between the first side and the second side; a first main band
having one end located 1n the vicinity of the first side of the
wearing part and the other end fastenable to the vicinity of
the second side of the wearing part; and a sub-band having
one end located 1n the vicinity of a third side of the wearing
part and the other end fastenable to the vicinity of the third
side of the wearing part.

When the first main band 1s fastened, the first main band
and the actuators may form a ring shape to be adhered
closely to a first body part of a user. When the sub-band 1s
tastened, the sub-band may autonomously form a ring shape
to be adhered closely to a second body part of the user. The
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2

first body part and the second body part may be adjacent
body parts connected to each other through a joint.

The wearing part may 1nclude: a first layer member; and
a second layer member having at least a portion of an edge,
which 1s coupled to the first layer member on the first layer
member. The actuators may be disposed to be adhered
closely to the first layer member.

The tactile stimulation providing device may further
include: bottom cases adhered closely to a lower surface of
the first layer member; and top cases adhered closely to an
upper surface of the first layer member, the top cases being,
coupled to the corresponding bottom cases to fix the corre-
sponding actuators.

The tactile stimulation providing device may further
include: a first A-type attachable/detachable member dis-
posed at a lower surface of the sub-band; and a first B-type
attachable/detachable member disposed at an upper surface
of the second layer member. When attachable/detachable
members have different types, the attachable/detachable
members may be attachable to/detachable from each other.

The wearing part may further include a third layer mem-
ber having one end connected to the second layer member on
the second layer member. The tactile stimulation providing
device may further include a second A-type attachable/
detachable member disposed at a lower surface in the
vicinity of the other end of the third layer member.

The tactile stimulation providing device may further
include a controller case fitted into the third layer member.
The second layer member may include a first wiring
opening, the third layer member may include a second
wiring opening, and the controller case may include a third
wiring opening. The actuators and a controller 1n the con-
troller case may be electrically connected by a wiring
through the first wiring opening, the second wiring opening,
and the third wiring opening.

The tactile stimulation providing device may further
include: a second B-type attachable/detachable member
located at an upper surface in the vicimity of the other end of
the first main band; and a third A-type attachable/detachable
member located at a lower surface in the vicinity of the other
end of the first main band.

The third A-type attachable/detachable member may be
attached to the first B-type attachable/detachable member, so
that the first main band and the actuators form a ring shape.

The second A-type attachable/detachable member may be
simultaneously attached to the first B-type attachable/de-
tachable member and the second B-type attachable/detach-
able member.

The first A-type attachable/detachable member may be
attached to the first B-type attachable/detachable member 1n
the vicinity of the third side of the wearing part such that the
sub-band autonomously forms a ring shape.

The actuators may be grouped into at least two groups.
Actuators of a first group may be spaced apart from each
other at a first distance 1n a first direction, and actuators of
a second group may be spaced apart from each other at a
second distance 1n the first direction. In the first direction, a
minimum distance between the actuator of the first group
and the actuator of the second group may be longer than the
first distance and the second distance.

The first main band may have the one end located 1n the
vicinity of the first side of the wearing part and the other end
located 1n the vicinity of the second side of the wearing part
to overlap with at least some of the actuators of the first
group. The tactile stimulation providing device may further
include a second main band having one end located 1n the

vicinity of the first side of the wearing part and the other end
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located 1n the vicinity of the second side of the wearing part
to overlap with at least some of the actuators of the second
group.

The tactile stimulation providing device may further
include a third B-type attachable/detachable member located
at an upper surface in the vicinity of the other end of the third
layer member.

The tactile stimulation providing device may further
include: a fourth B-type attachable/detachable member

located at an upper surface in the vicinity of the one end of
the third layer member; a fifth B-type attachable/detachable
member located at an upper surface 1n the vicinity of the one
end of the first main band; and a fourth A-type attachable/
detachable member located at a lower surface 1n the vicinity
ol the one end of the first main band.

The tactile stimulation providing device may {further
include: a first strap located at an upper surface in the
vicinity of the one end of the sub-band; an A-type fastening,
member connected to the first strap; a second strap located
at an upper surface 1n the vicinity of the other end of the
sub-band; and a B-type fastening member connected to the
second strap. When fastening members have diflerent types,
the fastening members may be fastenable to each other.

The tactile stimulation providing device may {further
include: a second B-type attachable/detachable member
located at a lower surface in the vicinity of the one end of
the second main band; a third A-type attachable/detachable
member located at an upper surface in the vicimity the one
end of the second main band; a third B-type attachable/
detachable member located at a lower surface 1n the vicinity
of the other end of the second main band; and a fourth
A-type attachable/detachable member located at an upper
surface 1n the vicinity of the other end of the second main
band.

The tactile stimulation providing device may further
include: a fourth B-type attachable/detachable member
located at a lower surface 1n the vicinity of the one end of
the first main band; a fifth A-type attachable/detachable
member located at an upper surface 1n the vicinity of the one
end of the first main band; a fifth B-type attachable/detach-
able member located at a lower surface 1n the vicinity of the
other end of the first main band; and a sixth A-type attach-
able/detachable member located at an upper surface 1n the
vicinity of the other end of the first main band.

The tactile stimulation providing device may further
include: a first strap located at an upper surface in the
vicinity of the one end of the sub-band; an A-type fastening,
member connected to the first strap; a second strap located
at an upper surface in the vicinity of the other end of the
sub-band; and a B-type fastening member connected to the
second strap. When fastening members have diflerent types,
the fastening members may be fastenable to each other.

According to another aspect of the present disclosure,
there 1s provided a tactile stimulation providing device
including: actuators providing a tactile stimulation; a con-
troller controlling the actuators; a controller case including
the controller therein; a bolt protruding 1n a vertical direction
at an upper portion of the controller case; a motion tracker
fitted around the bolt, the motion tracker sensing a motion of
a user; and an angle adjusting member fitted around the bolt,
the angle adjusting member being located between the
controller case and the motion tracker.

The angle adjusting member may be an angle adjusting
nut.

The angle adjusting nut may include a rotating support.

The angle adjusting member may be a washer assembly.
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The washer assembly may include rubber washers and at
least one metal washer located between the rubber washers.

According to still another aspect of the present disclosure,
there 1s provided a tactile stimulation providing device
including: actuators providing a tactile stimulation; a con-
troller controlling the actuators; a controller case including
the controller therein; a tracker supporting member having a
portion fastenable to the controller case; and a motion
tracker fastenable to another portion of the tractor support-
ing member, the motion tracker sensing a motion of a user.

The tactile stimulation providing device may further
include: a bolt coupling the motion tracker to another
portion of the tracker supporting member; and an angle
adjusting member {itted around the bolt.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments will now be described more fully
heremnafter with reference to the accompanying drawings;
however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will tully
convey the scope of the example embodiments to those
skilled 1n the art.

In the drawing figures, dimensions may be exaggerated
for clarity of illustration. It will be understood that when an
clement 1s referred to as being “between” two elements, 1t
can be the only element between the two elements, or one or
more intervening elements may also be present.

Like reference numerals refer to like elements throughout.

FIG. 1 1s a view 1illustrating an upper surface of a first
layer member of a tactile stimulation providing device
according to a first embodiment of the present disclosure.

FIG. 2 1s a view 1llustrating a lower surface of the first
layer member of the tactile stimulation providing device
according to the first embodiment of the present disclosure.

FIGS. 3 and 4 are views 1llustrating an actuator assembly
at different visual points according to an embodiment of the
present disclosure.

FIG. § 1s a view 1illustrating an upper surface of a second
layer member of the tactile stimulation providing device
according to the first embodiment of the present disclosure.

FIG. 6 1s a view illustrating an upper surface of a third
layer member of the tactile stimulation providing device
according to the first embodiment of the present disclosure.

FIG. 7 1s a view 1llustrating a controller case of the tactile
stimulation providing device according to the first embodi-
ment of the present disclosure.

FIG. 8 1s a view 1llustrating a lower surface of the third
layer member of the tactile stimulation providing device
according to the first embodiment of the present disclosure.

FIGS. 9 to 12 are views 1illustrating a wearing procedure
of the tactile stimulation providing device according to the
first embodiment of the present disclosure.

FIGS. 13 and 14 are views illustrating a modification of
the tactile stimulation providing device according to the first
embodiment of the present disclosure.

FIGS. 15 and 16 are views illustrating a structure in which
a motion tracker i1s coupled to the controller case.

FIG. 17 1s a view 1illustrating a structure 1 which the
motion tracker 1s diflerently coupled to the controller case.

FIG. 18 1s a view 1llustrating an upper surface of a first
layer member of a tactile stimulation providing device
according to a second embodiment of the present disclosure.
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FIG. 19 1s a view 1illustrating a lower surface of the first
layer member of the tactile stimulation providing device
according to the second embodiment of the present disclo-
sure.

FIG. 20 1s a view 1llustrating an upper surface of a second
layer member of the tactile stimulation providing device
according to the second embodiment of the present disclo-
sure.

FIGS. 21 and 22 are views respectively illustrating upper
and lower surfaces of a third layer member of the tactile
stimulation providing device according to the second
embodiment of the present disclosure.

FI1G. 23 1s a view 1llustrating a controller case of the tactile
stimulation providing device according to the second
embodiment of the present disclosure.

FIG. 24 1s a view 1llustrating a wearing procedure of the
tactile stimulation providing device according to the second
embodiment of the present disclosure.

FIG. 25 1s a view 1llustrating a modification of the tactile
stimulation providing device according to the second
embodiment of the present disclosure.

FIGS. 26 and 27 are views 1llustrating an actuator assem-
bly at different visual points according to another embodi-
ment of the present disclosure.

FIG. 28 1s a view illustrating an actuator assembly at
different visual points according to still another embodiment
of the present disclosure.

FIGS. 29 and 30 1s a view a structure 1n which a motion
tracker 1s coupled to the controller case according to another
embodiment of the present disclosure.

FIG. 31 1s a view 1llustrating another modification of the
tactile stimulation providing device of the first embodiment.

FIG. 32 1s a view 1llustrating a lower surface of a first
main band of FIG. 31.

FIG. 33 1s a view illustrating another modification of the
tactile stimulation providing device of the second embodi-
ment.

FIG. 34 1s a view 1illustrating upper surfaces of first and
second main bands of FIG. 33.

FIG. 35 1s a view illustrating an upper surface of the
tactile stimulation providing device of FIG. 33.

DETAILED DESCRIPTION

Hereinalter, exemplary embodiments are described in
detail with reference to the accompanying drawings so that
those skilled 1n the art may easily practice the present
disclosure. The present disclosure may be implemented 1n
various different forms and 1s not limited to the exemplary
embodiments described 1n the present specification.

A part wrrelevant to the description will be omitted to
clearly describe the present disclosure, and the same or
similar constituent elements will be designated by the same
reference numerals throughout the specification. Therefore,
the same reference numerals may be used in different
drawings to identily the same or similar elements.

In addition, the size and thickness of each component
illustrated 1n the drawings are arbitrarily shown for better
understanding and ease ol description, but the present dis-
closure 1s not limited thereto. Thicknesses of several por-
tions and regions are exaggerated for clear expressions.

FIG. 1 1s a view 1llustrating an upper surface of a first
layer member of a tactile stimulation providing device
according to a first embodiment of the present disclosure.
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Retferring to FIG. 1, the tactile stimulation providing
device 1 according to the first embodiment of the present
disclosure 1ncludes a first layer member BP1, a main band
MB1, and a sub-band SB1.

A wearing part 1s a part that 1s worn on a first body part
of a user, to which a tactile stimulation 1s to be provided. The
wearing part ol this embodiment may be configured 1n a
triple layer structure, and the first layer member BP1 in the
triple layer structure will be first described 1n FIG. 1.

The first layer member BP1 may be made of a flexible
material such as cloth, rubber or plastic. The shape and size
of the first layer member BP1 may be determined suitable
for the first body part of the user. The first layer member BP1
1s used to allow actuators to be adhered closely to the first
body part of the user while supporting the actuators. In the
first embodiment, the first body part may be a top side of a
foot of the user.

The actuators may be disposed between a first side SE11
of the first layer member BP1, 1.e., the wearing part and a
second side SE12 that 1s the opposﬁe side of the first side
SE11. Since the actuators are covered by top cases tcl, the
actuators are not shown in FIG. 1. The top cases tcl are
adhered closely to the upper surface of the first layer
member BP1, and are coupled to corresponding bottom
cases to fix corresponding actuators acl.

The first main band MB1 may be made of an elastic
material such as cloth, rubber or plastic. One end of the first
main band MB1 1s located in the vicimity of the first side
SE11 of the wearlng part, and the other end of the first main
band MB1 1s fastenable to the vicinity of the second side
SE12 of the wearmg part. The fasteming of the other end of
the first main band MB1 will be described later with
reference to FIG. 9. When the first main band MBI 1s
fastened, the first main band MB1 and the actuators may
form a ring shape to be adhered closely to the first body part
of the user.

The sub-band SB1 may be made of an elastic material
such as cloth, rubber or plastic. One end of the sub-band SB1
1s located 1n the vicinity of a third side SE13, and the other
end of the sub-band SB1 1s fastenable to the vicimity of the
third side SE13. The fastening of the other end of the
sub-band SB1 will be described later with reference to FIG.
12. When the sub-band SB1 1s fastened, the sub-band SB1
may autonomously form a ring shape to be adhered closely
to a second body part of the user. The first body part and the
second body part may be adjacent body parts connected to
cach other through a joint. As described above, when the first
body part 1s the top side of the foot of the user, the second
body part may correspond to an ankle of the user. According
to an embodiment of the present disclosure, the sub-band
SB1 may be fixed at the second body part such that the
ring-shaped wearing part surrounding the first body part 1s
not rotated (slipped) In an undesired direction.

A second B-type attachable/detachable member Vb12
may be located at an upper surface 1n the vicinity of the other
end of the first main band MB1.

Hereinatter, an A-type attachable/detachable member and
a B-type attachable/detachable member are described. When
attachable/detachable members have different types, the
attachable/detachable members may be attachable to/detach-
able from each other. When attachable/detachable members
have the same type, the attachable/detachable members may
not be attachable to/detachable from each other. The attach-
able/detachable member may be variously configured with a
bolt/nut, a button/buttonhole, etc. Hereinafter, a case where
the attachable/detachable member 1s a Velcro material wall
be assumed and described 1n this embodiment.
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In addition, as described above, the terms “vicimity™ of the
first side SE11, “vicimity” of the second side SE12, and
“vicinity” of the third side SE13 are used. The term ““vicin-
1ity” 1s an expression since, when a band 1s connected to the
wearing part, the band 1s not necessarily sewed at an edge of
the wearing part, but may be sewed at an arbitrary area in the
vicinity of the edge or be attachable to/detachable from the
arbitrary area. The range of the term “vicinity” may mean up
to an area in which the eflect according to the structure of
this embodiment can equally/similarly appear. For example,
in a case where the one end of the first main band MB1 1s
connected between arbitrary actuator cases tcl excessively
beyond the vicinity of the first side SE11, an actuator
excluded from the formed ring shape exists when the other
end of the first main band MBI 1s attached to the vicinity of
the second side SE12. This actuator case cannot be adhered
closely to the first body part of the user, and hence a tactile
stimulation cannot be properly transierred. Therefore, i1t
cannot be seen that the one end of the main band MB1 has
been connected to the vicinity of the first side SE11.

FIG. 2 1s a view 1illustrating a lower surface of the first
layer member of the tactile stimulation providing device
according to the first embodiment of the present disclosure.

Referring to FIG. 2, bottom cases bcl may be disposed at
the lower surface of the first layer member BP1 to be
adhered closely to the lower surface of the first layer
member BP1. The bottom cases bcl are coupled to the
corresponding top cases tcl to fix the actuators. The rela-
tionship between an actuator and actuator cases will be
described in more detail later with reference to FIGS. 3 and
4.

A third A-type attachable/detachable member Val3 may
be located at a lower surface in the vicinity of the other end
of the first main band MB1.

A first A-type attachable/detachable member Vall may be
located at a lower surface 1n the vicinity of the other end of
the sub-band SBI1.

FIGS. 3 and 4 are views 1llustrating an actuator assembly
at different visual points according to an embodiment of the
present disclosure.

Referring to FIGS. 3 and 4, the actuator assembly AA1
according to the embodiment of the present disclosure
includes an actuator acl, a top case tcl, a cover case mcl,
and a bottom case bcl.

The actuator acl may include a driver mbl and an
eccentric mass eml. The dniver mbl and the eccentric mass
eml may be rotatably comnected through a shait. For
example, the actuator acl may be an Eccentric Rotating
Mass (ERM) motor. The actuator acl may create vibration
when the eccentric mass eml rotated by the driver mbl
serves as an asymmetric vibrator. For example, the actuator
acl may be a cylindrical vibration motor 1 which the
diameter of a cylinder 1s about 6 mm and the entire height
1s about 17 mm. While a coin-shaped motor creates vibration
in a horizontal direction when a vibrator 1s horizontally
rotated, the actuator acl of this embodiment may create
vibration 1n a vertical direction.

The top case tcl includes an accommodating part thal for
accommodating the driver mb1 and an accommodating part
thb1 for accommodating the eccentric mass eml. That 1s, the
top case tcl may accommodate the whole or a portion of the
actuator acl except wirings. In some embodiments, when
the top case tcl accommodates only a portion of the actuator
ad, the other portion of the actuator acl may be accommo-
dated by the cover case mcl.

The cover case mcl1 1s coupled to the top case tcl such that
the driver mb1 1s adhered closely to an accommodating part
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mhal. The cover case mcl may be coupled to the top case
tc1 while the actuator acl. As a male fastening part mm1 of
the cover case mcl 1s fitted mto a female fastening part tsil
of the top case tcl, the cover case mcl may be firmly fixed
to the top case tcl. In particular, the accommodating part
thal and the accommodating part mhal may be formed such
that the driver mb1 of the actuator acl 1s firmly fixed. The
male fastening part mm of the cover case mc1 may protrude
to be parallel to a surface on which the cover case mcl1 1s in
contact with the first layer member BP1. In this embodi-
ment, four pairs ol male fastening parts and female fastening,
parts are provided. However, in some embodiments, the
number of male fastening parts and female fastening parts
may be changed.

The cover case mc1 1s coupled to the top case tcl, to form,
together with an accommodating part mhb1, an extra rotat-
ing space of the eccentric mass em1 while allowing the
eccentric mass eml to be spaced apart from the upper
surface of the first layer member BP1. That 1s, the accom-
modating part mhb1 of the cover case mc1 1s matched to the
accommodating part thbl, to form an extra rotating space
that does not mtertere with the rotation of the eccentric mass
eml. Also, the accommodating part mhb1l of the cover case
mc1 functions to allow the eccentric mass em1 to be spaced
apart from the upper surface of the first layer member BP1.
Thus, even when the first layer member BP1 1s made of a
flexible material such as cloth or rubber, the eccentric mass
eml can be rehably rotated without collision with the first
layer member BP1.

The bottom case bcl 1s located at the lower surface of the
first layer member BP1, and fixes the top case tcl to the
upper surface of the first layer member BP1.

A male fastening part bml of the bottom case bcl 1is
coupled to a female fastening part til of the top case tcl by
penetrating the first layer member BP1, so that the actuator
ac and the cases bcl, mcl, and tcl thereot can be fixed to the
first layer member BP1. The first layer member BP1 may
include an opening through which the male fastening part
bm1l can pass.

The top case tcl may include a projection tml, and the
bottom case bcl may include a recess part bil. The projec-
tion tm1 of the top case tcl 1s fitted into the recess part hil
by pressurizing the first layer member BP1, so that the
actuator acl and the cases bcl, mcl, and tcl thereotf can be
more {irmly fixed to the first layer member BP1.

FIG. 5 1s a view 1illustrating an upper surface of a second
layer member of the tactile stimulation providing device
according to the first embodiment of the present disclosure.

Referring to FIG. 5, the second layer member MP1 1s
illustrated, which has at least a portion of an edge, which 1s
coupled to the first layer member BP1 on the first layer
member BP1. Since the first layer member BP1 1s covered
by the second layer member MP1, the first layer member
BP1 1s not shown in FIG. 5.

The second layer member MP1 may be made of a flexible
material such as cloth, rubber or plastic. The shape and size
of the second layer member MP1 may correspond to those
of the first layer member BP1.

The second layer member MP1 functions to cover the top
cases tcl and wirings extending therefrom from eyes of the
user. The second layer member MP1 1ncludes a first wiring
opening WH11, and the wirings can be gathered and neatly
extracted through the first wiring opening WH11. The sec-
ond layer member MP1 may selectively further include a
zipper member ZP1 as a path for organizing the actuators
and the wirings.
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A first B-type attachable/detachable member Vb1l may
be disposed at the upper surface of the second layer member
MP1. The size and shape of the first B-type attachable/
detachable member Vbll may correspond to those of the
second layer member MP1. In another embodiment, the first
B-type attachable/detachable member Vb1l may be formed
to have a minimum area only 1n the vicimity of the second
side SE12 and the vicinity of the third side SE13.

FIG. 6 1s a view 1llustrating an upper surface of a third
layer member of the tactile stimulation providing device
according to the first embodiment of the present disclosure.

Referring to FIG. 6, the third layer member TP1 1s
illustrated, which has one end connected to the second layer
member MP1 on the second layer member MP1.

The third layer member TP1 may be made of a flexible
material such as cloth, rubber or plastic. Unlike the second
layer member MP1, the shape and size of the third layer
member TP1 may not correspond to those of the first layer
member BP1.

The third layer member TP1 may include a second wiring
opening WH12. The third layer member TP1 may be con-
figured to again extract the wirings extracted from the first
wiring opening WH11 through the second wiring opening,
WH12 while covering the wirings from the eyes of the user.

FI1G. 7 1s a view 1llustrating a controller case of the tactile
stimulation providing device according to the first embodi-
ment of the present disclosure.

Referring to FIG. 7, the controller case CC1 fitted into the
third layver member TP1 1s illustrated. Further referring to
FIG. 8, the width of the third layer member TP1 1s config-
ured narrower than that of a lower end opening of the
controller case C(C1, so that the controller case CC1 can be
fitted 1nto the third layer member TP1 1n the length direction.

In some embodiments, the controller case CC1 may
turther include a bolt insertion opening VHI1 at an upper end
thereof.

FIG. 8 1s a view 1llustrating a lower surface of the third
layer member of the tactile stimulation providing device
according to the first embodiment of the present disclosure.

Referring to FIG. 8, a case where a wiring W1 faces the
controller case CC1 by passing through the first wiring
opening WHI11 and the second wiring opening WH12 1s
illustrated. Although not shown in the drawing, the control-
ler case CC1 may further include a third wiring opening at
a lower surface thereof. Thus, the actuators acl and a
controller 1n the controller case CC1 can be electrically
connected by a wining through the first wiring opening
WHI11, the second wiring opening WH12, and the third
wiring opening.

The controller 1s located 1n the controller case CC1, and
may generate a driving signal corresponding to the actuators
acl. The controller may be configured to include a micro-
controller, a motor driver, a power management module, and
the like. A separate battery for driving the controller may be
located 1n the controller case CC1. The controller may be
configured 1n the form of a Printed Circuit Board (PCB), a
Flexible Printed Circuit Board (FPCB), an Integrated Circuit
(IC), etc. Also, the controller may receive a tactile stimula-
tion pattern input through the existing wireless communi-
cation technology including Bluetooth, Wi-Fi1, and the like,
or the existing wired communication technology. The tactile
stimulation pattern may be a multidirectional tactile stimu-
lation pattern. A separate memory device may be located 1n
the controller case CC1.

The wiring W1 may transier a driving signal from the
controller to the actuators ad. The wiring W1 may be
configured with an FPCB, a wire, etc.
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Also, referring to FIG. 8, a second A-type attachable/
detachable member Val2 may be disposed at a lower surface
in the vicinity of the other end of the third layer member
TP1.

FIGS. 9 to 12 are views 1illustrating a wearing procedure
of the tactile stimulation providing device according to the
first embodiment of the present disclosure.

First, referring to FIG. 9, the user may attach the third
A-type attachable/detachable member Val3 of the first main
band MB1 to the first B-type attachable/detachable member
Vb1l at the upper surface of the second layer member MP1.
Accordingly, the first main band MB1 and the actuators acl
can form a ring shape.

The second B-type attachable/detachable member Vb12
of the first main band Mb1 1s exposed together with the first
B-type attachable/detachable member Vb1l of the second
layer member MP1 1n the direction of the upper surface.

Referring to FIGS. 9 and 10, the user may properly attach
the second A-type attachable/detachable member Val2 of
the third layer member TP1 to the first B-type attachable/
detachable member Vb1l or the second B-type attachable
member Vbl2. For example, the second A-type attachable/
detachable member Val2 may be simultaneously attached to
the first B-type attachable/detachable member Vb1l and the
second B-type attachable/detachable member Vbl2.
Accordingly, the control case CC1 made of a firm material
can be fixed to the wearing part regardless of the size of the
first body part of the user.

Referring to FIG. 11, a case where the ring-shaped
wearing part created through the procedure of FIGS. 9 and
10 1s fitted around the first body part (here, a top side of a
foot) of the user 1s illustrated. The angle of the wearing part

may be adjusted such that the lower surface of the first layer
member BP1, at which the bottom cases bcl are located, 1s
adhered closely to the first body part of the user.

Next, referring to FIG. 12, the user may wind the sub-
band SB1 around the second body part (here, an ankle) of the
user such that the sub-band SB1 autonomously forms a ring
shape, and attach the first A-type attachable/detachable
member Vall to the first B-type attachable/detachable mem-
ber Vb1l 1n the vicinity of the third side SE13. Accordingly,
the sub-band SB1 can be fixed to the second body part such
that the ring-shaped wearing part surrounding the first body
part 1s not rotated (slipped) 1n an undesired direction.

FIGS. 13 and 14 are views illustrating a modification of
the tactile stimulation providing device according to the first
embodiment of the present disclosure. In FIGS. 13 and 14,
components similar to those of FIGS. 7 and 8 are designated
by similar reference numerals.

Heremafiter, for convenience of description, diflerences
between the tactile stimulation providing device 1' and the
tactile stimulation providing device 1 will be mainly
described.

When comparing FIG. 13 with FIG. 7, the tactile stimu-
lation providing device 1' further includes a third B-type
attachable/detachable member Vb13'. The third B-type
attachable/detachable member Vb13' may be located an
upper surface in the vicinity of the other end of a third layer
member TP1'.

Therefore, the user may have a wearing procedure of the
tactile stimulation providing device 1', which 1s diflerent
from that of FIGS. 9 to 11. In FIGS. 9 to 11, the user {first
creates the first main band MB1, the Wearing part, and the
third layer member TP1 in a ring shape, and then fits the ring
shape around the first body part, so that the tactile stimula-
tion providing device 1 1s worn on the first body part.
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However, according to the structure of FIG. 13, the user
attaches a second A-type attachable/detachable member
Val2' to a first B-type attachable/detachable member Vb11',
so that a controller case CC1' can be first fixed to a wearing
part. When comparing FIG. 14 with FIG. 8, the shape and
area of the second A-type attachable/detachable member
Val2' are enlarged to correspond to those of the third layer
member TP1'. According to this embodiment, Since the
adhesion between the second A-type attachable/detachable
member Val2' and the first B-type attachable/detachable
member Vb1l' increases, the second A-type attachable/
detachable member Val2' can be prevented from being
casily detached even when the weight of the controller case
CC1'increases since a motion tracker 1s coupled to an upper
portion of the controller case CC1'.

Next, the user attaches a third A-type attachable/detach-
able member to the third B-type attachable/detachable mem-
ber Vb13' by winding a first main band MB1' around the first
body part 1n a state in which the wearing part 1s supported
by the first body part, so that the first main band MB1' and
actuators can form a ring shape. According to this embodi-
ment, the first main band MB1' and the actuators can be
adhered closely to the first body part of the user to be
suitable for the size of the first body part of the user.

Also, referring to FIGS. 13 and 14, a connecting part
CM1' of a second layer member MP1' and the sub-band SB1'
has been modified as compared with FIGS. 7 and 8. In FIGS.
7 and 8, a connecting part CM1 of the second layer member
MP1 and the sub-band SB1 has been eccentric to be suitable
for a desired body part between right and leit feet of the user.
However, 1n the embodiment of FIGS. 13 and 14, the
connecting part CM1' of a second layer member MP1' and
the sub-band SB1' has been located at the center of the
wearing part such that there 1s no inconvenience even when
the user wears the tactile stimulation providing device 1' on
any body part between right and left feet of the user.

Also, 1n the embodiment of FIGS. 13 and 14, the extend-
ing direction of the sub-band SB1' may be parallel to the first
main band MB1'. In addition, the connecting part CM1' may
be formed long to sufliciently cover the joint between the
first body part and the second body part (to ascend up to a
lower side of a calf of the user). Accordingly, the angle or
position of a ring shape autonomously formed by the sub-
band SB1' does not give inconvenience to the user even
when the user wears the tactile stimulation providing device
1' on any body part between right and left feet of the user.

FIGS. 15 and 16 are views illustrating a structure in which
a motion tracker i1s coupled to the controller case.

Referring to FIGS. 15 and 16, a bolt V1 protrudes 1n a
vertical direction through the bolt insertion opening VHI1 of
the controller case CC1. An angle adjusting nut N1 and a
motion tractor MT1 may be sequentially fitted around the
bolt V1.

The motion tracker MT1 may be a device capable of
checking a position of the motion tracker MT1 on a three-
dimensional space by receiving an infrared signal radiated
from an external base station. In another embodiment, the
motion tracker MT1 may be designed 1n a form that has an
acceleration sensor, a gyro sensor, etc., built theremn to
calculate an amount changed based on a specific absolute
value set mitially. The user moves the motion tracker MT1,
so that 1ts own motion can be used as an mput means.

First, the user may locate the motion tracker MT1 at a
desired height and angle by fitting the motion tracker MT1
around the bolt V1 and then rotating the motion tracker MT1
in the direction (lower direction) of the angle adjusting nut
N1. Next, the user may fix the motion tracker MT1 to the
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bolt V1 by rotating the angle adjusting nut N1 1in the
direction (upper direction) of the motion tracker MT1. The
user may rotate the angle adjusting nut N1 by grasping or
pushing rotating supports WW1 and WW2 of the angle
adjusting nut N1 with fingers.

FIG. 17 1s a view 1illustrating a structure 1 which the
motion tracker 1s diflerently coupled to the controller case.

Referring to FIG. 17, when the motion tracker MT1 1s
coupled to the tactile stimulation providing device 1, a
washer assembly WS1 1s used instead of the angle adjusting
nut N1.

The washer assembly WS1 may include rubber washers
RWI1, RW2, and RW3 and at least one metal washer MW1
and MW2 located between the rubber washers RW1, RW2,
and RW3. In the embodiment of FIG. 17, a rubber washer
RW1, a metal washer MW1, a rubber washer RW2, a metal
washer MW2, and a rubber washer RW3 are sequentially
stacked to constitute the washer assembly WS1. However,
those skilled 1n the art may change the number of compo-
nents. The rubber washers RW1, RW2, and RW3 may
provide an elastic force and a supporting force, and the metal
washers MW1 and MW2 may prevent occurrence of an
excessive frictional force between the rubber washers RW1,
RW2, and RW3.

The user may fit the motion tracker M1 around the bolt
V1 and then rotate the motion tracker MT1 1n the direction
(lower direction) of the washer assembly WS1. Although the
motion tracker MT1 1s in contact with the washer assembly
WS1, the user may further rotates the motion tracker MT1,
due to the elastic force of the rubber washers RW1, RW2,
and RW3, until the motion tracker MT1 1s located at a
desired angle. When comparing FIG. 17 with FIGS. 15 and
16, the user simply rotates the motion tracker MT1 without
inconvenience that adjusting the angle by grasping or push-
ing the angle adjusting nut N1 with the fingers, so that the
motion tracker MT1 can be firmly fixed to the controller case
CC1 at a desired angle.

Although the washer assembly WS1 1s provided in the
embodiment of FIG. 17, a single rubber washer optimized
through elastic amount and thickness adjustment may be
provided. Therefore, the metal washers are not required.

FIG. 18 1s a view 1illustrating an upper surface of a first
layer member of a tactile stimulation providing device
according to a second embodiment of the present disclosure.
FIG. 19 1s a view 1llustrating a lower surface of the first layer
member of the tactile stimulation providing device accord-
ing to the second embodiment of the present disclosure.

Referring to FIGS. 18 and 19, the tactile stimulation
providing device 2 according to the second embodiment of
the present disclosure includes a first layer member BP2, a
first main band MB21, a second main band MB22, and a
sub-band SB2.

A wearing part of the second embodiment may also be
configured 1 a triple layer structure, and the first layer
member BP2 in the triple layer structure will be first
described i FIG. 18.

The first layer member BP2 may be made of a flexible
material such as cloth, rubber or plastic. The shape and size
of the first layer member BP2 may be determined suitable
for a first body part of a user. In the second embodiment, the
first body part may be a top side of a hand of a user and a
finger of the user.

Actuators acl may be disposed between a first side SE21
and a second side SE22 of the first layer member BP2, 1.e.,
the wearing part. Since the actuators acl are covered by top
cases tcl, the actuators acl are not shown 1n FIG. 18. The
top cases tcl are adhered closely to the upper surface of the
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first layer member BP2, and are coupled to corresponding
bottom cases bcl to fix corresponding actuators acl.

In this embodiment, the actuators acl may be grouped
into at least two groups. Actuators of a first group ag21 may
be spaced apart from each other at a first distance d21 1n a
first direction D1, and actuators of a second group ag22 may
be spaced apart from each other at a second distance d22 in
the first direction D1. The first distance d21 and the second
distance d22 may be equal to or different from each other.
However, 1n the first direction D1, a mimmum distance dg
between the actuator of the first group ag21 and the actuator
of the second group ag22 may be set longer than the first
distance d21 and the second distance d22.

In this embodiment, the first body part of the user may be
a top side of a hand of the user and a finger of the user as
described above. The actuators of the first group ag21 may
be disposed to correspond to the finger, and the actuators of
the second group ag22 may be disposed to correspond to the
top side of the hand. Since a joint exists between the finger
and the top side of the hand, 1t 1s necessary that the first
group ag2l and the second group ag22 should be spaced
apart from each other at the minimum distance dg or more.

The first and second main bands MB21 and MB22 may be
made of an elastic material such as cloth, rubber or plastic.
One ends of the first and second main bands MB21 and
MB22 are located in the vicimity of the first side SE21 of the
wearing part, and the other ends of the first and second main
bands MB21 and MB22 are fastenable to the vicinity of the
second side SE22 of the wearing part. In drawings from FIG.
16, a state 1n which the other ends of the first and second
main bands MB21 and MB22 are continuously being fas-
tened to the vicinity of the second side SE22 of the wearing,
part 1s assumed.

The first main band MB21 may have the one end located
in the first side SE21 of the wearing part and the other end
located 1n the vicinity of the second side SE22 of the
wearing part to overlap with at least some of the actuators of
the first group ag21, and the second main band MB22 may
have the one end located 1n the first side SE21 of the wearing,
part and the other end located 1n the vicinity of the second
side SE22 of the wearing part to overlap with at least some
of the actuators of the second group ag22. Thus, the first
main band MB21 forms a ring shape with the actuators of
the first group ag21, to allow the actuators of the first group
ag21 to be adhered closely to the finger of the user. In
addition, the second main band MB22 forms a ring shape
with the actuators of the second group ag22, to allow the
actuators of the second group ag22 to be adhered closely to
the top side of the hand of the user.

The sub-band SB2 may be made of an elastic material
such as cloth, rubber or plastic. One end of the sub-band SB2
1s connected to the vicinity of a third side SE23 of the
wearing part, and the other end of the sub-band SB2 1s
fastenable to the wvicinity of the third side SE23. The
fastening of the other end of the sub-band SB2 will be
described later with reference to FIG. 21. When the sub-
band SB2 1s fastened, the sub-band SB2 may autonomously
form a ring shape to be adhered closely to a second body part
of the user. The first body part and the second body part may
be adjacent body parts connected to each other through a
joint. As described above, when the first body part corre-
sponds to the top side of the hand of the user and the finger
of the user, the second body part may correspond to a wrist
of the user. According to an embodiment of the present
disclosure, the sub-band SB2 may be fixed at the second
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body part such that the ring-shaped wearing part surround-
ing the first body part 1s not rotated (slipped) 1n an undesired
direction.

A first A-type attachable/detachable member Va21 may be
located at a lower surface in the vicinity of the other end of
the sub-band SB2.

FIG. 20 1s a view 1llustrating an upper surface of a second
layer member of the tactile stimulation providing device
according to the second embodiment of the present disclo-
sure.

Referring to FIG. 20, the second layer member MP2 1s
illustrated, which has at least a portion of an edge, which 1s
coupled to the first layer member BP2 on the first layer
member BP2. Since the first layer member BP2 1s covered
by the second layer member MP2, the first layer member
BP2 1s not shown in FIG. 20.

The second layer member MP2 may be made of a flexible
material such as cloth, rubber or plastic. The shape and size
of the second layer member MP2 may correspond to those
of the first layer member BP2.

The second layer member MP2 functions to cover the top
cases tcl and wirings extending therefrom from eyes of the
user. The second layer member MP2 1ncludes a first wiring
opening WH21, and the wirings can be gathered and neatly
extracted through the first wiring opening WH21. The
second layer member MP2 may selectively further include a
zZipper member ZP2 as a path for organizing the actuators
acl and the wirings.

A first B-type attachable/detachable member Vb21 may
be disposed at the upper surface of the second layer member
MP2. The size and shape of the first B-type attachable/
detachable member Vb21 may correspond to those of the
second layer member MP2.

FIGS. 21 and 22 are views respectively illustrating upper
and lower surfaces of a third layer member of the tactile
stimulation providing device according to the second
embodiment of the present disclosure.

Referring to FIG. 21, the third layer member TP2 1s
illustrated, which has one end connected to the second layer
member MP2 on the second layer member MP2.

The third layer member TP2 may be made of a flexible
material such as cloth, rubber or plastic. Unlike the second
layer member MP2, the shape and size of the third layer
member TP2 may not correspond to those of the first layer
member BP2.

The third layer member TP2 may include a second wiring
opening WH22. The third layer member TP2 may be con-
figured to again extract the wirings extracted from the first
wiring opening WH21 through the second wiring opening
WH22 while covering the wirings from the eyes of the user.

Referring to FIG. 22, a second A-type attachable/detach-
able member Va22 may be disposed at a lower surface 1n the
vicinity of the other end of the third layer member TP2.

FIG. 23 1s a view 1llustrating a controller case of the tactile
stimulation providing device according to the second
embodiment of the present disclosure.

Retferring to FIG. 23, the controller case CC2 fitted 1nto
the third layer member TP2 1s illustrated. The width of the
third layer member TP2 1s configured narrower than that of
a lower end opening of the controller case CC2, so that the
controller case CC2 can be fitted into the third layer member
TP2 1n the length direction.

In some embodiments, the controller case CC1 may
turther include a bolt insertion opening VH2 at an upper end
thereof.

Similarly to the first embodiment, the controller case CC2
may further include a third wiring opening at a lower surface
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thereof. Thus, the actuators acl and a controller 1in the
controller case CC2 can be electrically connected by a
wiring through the first wiring opeming WH21, the second
wiring opening WH22, and the third wiring opening.

FI1G. 24 1s a view 1llustrating a wearing procedure of the 5
tactile stimulation providing device according to the second
embodiment of the present disclosure.

First, the user fits the finger that 1s a portion of the first
body part into the first main band MB21, and {its the top side
of the hand, which 1s the other of the first body part, into the 10
second main band MB22.

Next, the user winds the sub-band SB2 around the write
that 1s the second body part such that the sub-band SB1
autonomously forms a ring shape, so that the first A-type
attachable/detachable member Va2l 1s attached to the first 15
B-type attachable/detachable member Vb21.

Although not shown in the drawing, like the first embodi-
ment, the second A-type attachable/detachable member
Va22 i1s properly attached to the first B-type attachable/
detachable member Vb21, so that the controller case CC2 20
can be fixed to the wearing part regardless of the size of the
first body part of the user.

FIG. 25 15 a view 1llustrating a modification of the tactile
stimulation providing device according to the second
embodiment of the present disclosure. In FIG. 25, compo- 25
nents similar to those of FIG. 22 are designated by similar
reference numerals. Hereinatter, for convenience of descrip-
tion, differences between the tactile stimulation providing
device 2' and the tactile stimulation providing device 2 will
be mainly described. 30

The tactile stimulation providing device 2' of FIG. 25
includes a second A-type attachable/detachable member
Va22' expanded as compared with the tactile stimulation
providing device 2 of FIG. 22.

The shape and area of the second A-type attachable/ 35
detachable member Va22' may be expanded to correspond to
those of a third layer member TP2'. According to this
embodiment, since the adhesion between the second A-type
attachable/detachable member Va22' and a first B-type
attachable/detachable member Vb21' increases, the second 40
A-type attachable/detachable member Va22' can be pre-
vented from being easily detached even when the weight of
a controller case increases since a motion tracker 1s coupled
to an upper portion of the controller case.

FIGS. 26 and 27 are views 1llustrating an actuator assem- 45
bly at different visual points according to another embodi-
ment of the present disclosure.

Referring to FIGS. 26 and 27, the actuator assembly AA2
1s configured to include an actuator ac2, a top case tc2, and
a bottom case bc2. The actuator ac2 may be a coin motor. 50

The bottom case bc2 may include an actuator accommo-
dating part bcr2 for accommodating the actuator ac2. Thus,
the actuator ac2 1s disposed more closely to the bottom case
bc2, so that vibration of the actuator ac2 can be better
transferred to the user. 55

The bottom case bc2 may include a male fastening part
bm2/ and a projection bm22, and the top case tc2 may
include a female fastening part t121 and a recess part t122.
The first layer member BP1 or BP2 may include an opening
corresponding to the male fasteming part bm21. The male 60
fastening part bm21 may be coupled to the female fastening
part t121 through the opening of the first layer member BP1
or BP2. The projection bm22 1s fitted 1nto the recess part t122
by pressurizing the first layer member BP1 or BP2, so that
the top case tc2 and the bottom case bc2 can be more stably 65
fixed to the first layer member BP1 or BP2.

The top case t¢2 may include wiring paths tw21 and tw22.
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A wiring may electrically connect the actuator ac2 and the
controller through the wiring paths tw21 and tw22.

FIG. 28 1s a view 1illustrating an actuator assembly at
different visual points according to still another embodiment
of the present disclosure.

Referring to FIG. 28, the actuator assembly AA3 includes
an actuator ac3, a bottom case bc3, a top case tc3, and a
tubular wiring path wp3.

The actuator ac3 may be accommodated 1n an accommo-
dating part bh3 of the bottom case bc3, and be supported at
an intersection part cp3 of the tubular wiring path wp3.

The top case t¢c3 may be coupled to the bottom case bc3
while covering the intersection part ¢p3 of the tubular wiring
path wp3.

When the actuator assembly AA3 having the structure
shown 1n FIG. 28 1s employed, the top and bottom cases tc3
and bc3 can be located between the first layer member BP1
or BP2 and the second layer member MP1 or MP2. Thus, the
top and bottom cases t¢3 and bc3 1s not viewed by the user.
Actuators ac3 may be supported at intersection parts cp3 of
tubular wiring paths wp3, respectively.

FIGS. 29 and 30 1s a view a structure 1n which a motion
tracker 1s coupled to the controller case according to another
embodiment of the present disclosure.

The motion tracker M T2 may have a configuration 1den-
tical or similar to that of the above-described motion tracker
MT1, and therefore, overlapping descriptions will be omiut-
ted.

The controller case may include an upper case NCCu and
a lower case NCCd. A controller may be included in the
controller case. For example, the controller may be accom-
modated between the upper case NCCu and the lower case
NCCd.

The lower case NCCd may include a third wiring opening,
WH3. A plurality of actuators and the controller may be
clectrically connected through the third wiring opening
WH3.

The lower case NCCd may 1nclude a front side part FSPd,
a back side part BSPd, a left side part LSPd, and a right side
part RSPd. For example, the front side part FSPd may
include a concave part CVP1, and the back side part BSPd
may include a concave part CVP2. The shapes of the
concave parts CVP1 and CVP2 may be determined to
correspond to the winding of a body part of a user, which 1s
to be worn. For example, the left side part LSPd may include
an opening [.Shd, and the rnight side part RSPd may include
an opening RShd. A third layer member may be fitted into
the openings LLShd and RShd.

The upper case NCCu may include bolt insertion open-
ings VH6 and VH7 respectively at side parts LSPu and
RSPu. In some embodiments, the bolt msertion openings
VH6 and VH7 may be located at the side parts FSPd, BSPd,
L.SPd, and RSPd of the lower case NC(Cd.

A portion of a tracker supporting member NCCs 1s
fastenable to the controller case. Also, another portion of the
tracker supporting member NCCs 1s fastenable to the motion
tracker M'12.

For example, the tracker supporting member NCCs may
include an upper plate SPPs and two side parts LSPs and
RSPs extending at both sides of the upper plate SPPs. For
example, the tracker supporting member NCCs may have a
‘| lett bracket shape.

The upper plate SPPs of the tracker supporting member
NCCs may include a bolt msertion opening VH3. The
motion tracker M12 and the tracker supporting member
NCCs may be coupled to each other, using the bolt insertion
opening VH3 and a bolt V2. An angle adjusting member




US 11,209,904 B2

17

may be used at an upper surface, a lower surface, or the
upper and lower surfaces of the upper plate SPPs. That 1s, the
washer assembly WS1, the rubber washers RW1 to RW3,

and the metal washers MW1 and MW2 of FIG. 17 may be
used, and the angle adjusting nut N1 of FIG. 15 may be used.
The angle adjusting member may be fitted around the bolt
V2.

The side parts LSPs and RSPs of the tracker supporting
member NCCs may include bolt msertion openings VH4
and VHS, respectwely The bolt msertion openings VH4 and
VHS may be located to correspond to the bolt insertion
openings VH6 and VH7 when the tracker supporting mem-
ber NCCs 1s fitted 1nto the upper case NCCu. Thus, the user
cnables the tracker supporting member NCCs to be fixed to
the upper case NCCu, further using two bolts.

Accordingly, when the user uses a tactile stimulation
providing device 1n a state 1n which the motion tracker MT2
1s removed, 1t 1s unnecessary to separate the controller case
from the tactile stimulation providing device, and thus
convenience 1ncreases.

In this embodiment, a case where the tracker supporting
member NCCs and the upper case NCCs are fastened using,
the bolt 1s illustrated as an example. However, in another
embodiment, the tracker supporting member NCCs and the
upper case NCCs are fastened using another fastening
member such as a plastic buckle.

FIG. 31 1s a view 1llustrating another modification of the
tactile stimulation providing device of the first embodiment.
FIG. 32 1s a view 1llustrating a lower surface of a first main
band of FIG. 31.

In the tactile stimulation providing device 1" of FIG. 31,
descriptions components overlapping with those of the tac-
tile stimulation providing device 1' of FIG. 13 will be
omitted. When comparing FIG. 31 with FIG. 13, the con-
troller case CC1' 1s replaced with the controller case of FIG.
30.

As compared with FIG. 13, the tactile stimulation pro-
viding device 1" may further include attachable/detachable
members Vbld', Vb15", and Vald", straps STR11" and
STR12", and fastening members BCM1" and BCF1".

A fourth B-type attachable/detachable member Vb14"
may be located at an upper surface 1n the vicinity of one end
of a third layer member TP1". In addition, a fifth B-type
attachable/detachable member Vb15" may be located at an
upper surface 1n the vicinity of one end of a first main band
MB1". The fourth B-type attachable/detachable members
Vb14" may be located at a lower surface in the vicinity of
the one end of the first main band MB1".

The user attaches a fourth A-type attachable/detachable
members Val4" to the fourth B-type attachable/detachable
members Vb1l4", to use the tactile stimulation providing
device 1", similarly to the tactile stimulation providing
device 1' of FIG. 13.

Referring to the wearing example of FIG. 16, friction may
frequently occur between the first main band MB1" and a
body part of the user and an external object (floor, etc.).
Therefore, when the durability of the first main band MB1"
1s lowered, it 1s necessary 1o replace the first main band
MB1". When the first main band MB1" 1s not replaced,
actuators are not properly adhered closely to the body part
of the user, and therefore, it may be dithcult to provide a
tactile stimulation.

According to this embodiment, the whole of the tactile
stimulation providing device 1" 1s not replaced, but only the
first main band MB1" that 1s a consumable product is
replaced. Thus, the lifespan of the tactile stimulation pro-
viding device 1" can be lengthened.
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A first strap STR11" may be located at an upper surface
in the vicinity of one end of a sub-band SB1". An A-type
fasteming member BCM1" may be connected to the first
strap STR11". A second strap STR12" may be located at an
upper surface in the vicinity of the other end of the sub-band
SB1". A B-type fastening member BCF1" may be connected
to the second strap STR12".

The straps STR11" and STR12" may be made of a
material having an elasticity smaller than that of the bands
MB1" and SB1". For example, the straps STR11" and
STR12" may be made of leather, cloth, cotton, etc. When the
fastening members BCM1" and BCF1" have diflerent types,
the fastening members BCM1" and BCF1" are fastenable to
cach other. For example, each of the fastening members
BCM1" and BCF1" may be a buckle. Also, for example,
cach of the fastening members BCM1" and BCF1" may have
a structure 1 which a magnet 1s further included in the
buckle.

According to this embodiment, the user may primarily
fasten the sub-band SB1", using the attachable/detachable
members, and then secondarily fasten the sub-band SB1",
using the fastening members BCM1" and BCF1".

For example, when the heavy motion tracker MT12 1s
tastened to the controller case, 1t may be diflicult to support
the motion tracker M'12 with only adhesion of the existing
attachable/detachable members. Thus, according to this
embodiment, the stability of the tactile stimulation providing
device 1" can be improved.

When the sub-band SB1" 1s fastened not using the attach-
able/detachable members but using only the fastening mem-
bers BCM1" and BCF1", the user may have dificulty in
fixing the sub-band SB1" with one hand. Therefore, the user
primarily fastens the sub-band SB1", using the attachable/
detachable members, and then secondarily fastens the sub-
band SB1", using the fastening members BCMI1" and
BCF1", which may be most preferable 1n terms of user
convenience or stability.

FIG. 33 1s a view illustrating another modification of the
tactile stimulation providing device of the second embodi-
ment. FIG. 34 1s a view 1llustrating upper surfaces of first
and second main bands of FIG. 33. FIG. 35 1s a view
illustrating an upper surface of the tactile stimulation pro-
viding device of FIG. 33.

In the tactile stimulation providing device 2" of FIGS. 33
to 35, descriptions of components overlapping with those of
the tactile stimulation providing devices 2 and 2' of FIGS. 19
to 25 will be omuatted.

As compared with the tactile stimulation providing
devices 2 and 2', the tactile stimulation providing device 2"
may further include attachable/detachable members Vb22",
Vb23", Vb24", Vb25", Va23", Va24", Va25", and Va26",
straps STR21" and STR22™ and fastening members BCM2"
and BCEF2".

In some embodiments, a second B-type attachable/detach-
able member Vb22" may be located at a lower surface 1n the
vicinity of one end of a second main band MB22". A third
A-type attachable/detachable member Va23" may be located
at an upper surtace in the vicinity of the one end the second
main band MB22". A third B-type attachable/detachable
member Vb23" may be located at a lower surface in the
vicinity of the other end of the second main band MB22". A
fourth A-type attachable/detachable member Va24" may be
located at an upper surface in the vicimity of the other end of
the second main band MB22".

In addition, 1n some additional embodiments, a fourth
B-type attachable/detachable member Vb24" may be located
at a lower surface of one end of a first main band MB21".
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A fifth A-type attachable/detachable member Va25" may be
located at an upper surface of the one end of the first main
band MB21". A fifth B-type attachable/detachable member
Vb25" may be located at a lower surface 1n the vicimity of
the other end of the first main band MB21". A sixth A-type
attachable/detachable member Va26" may be located at an
upper surface in the vicinity of the other end of the first main
band MB21".

Referring to FIG. 35, the A-type attachable/detachable
members Va23", Va24", Va25"™ and Va26'" are attached to a
first B-type attachable/detachable member Vb21", so that
the first and second main bands MB21" and MB22" can be
fixed. The thicknesses of a finger and a palm of each user
hardly have a difference. Hence, 1n some embodiments, the
first and second main bands MB21" and MB22" may be
replaced with straps having an elasticity slightly smaller
than that thereof.

As described with reference to FIGS. 31 and 32, accord-
ing to this embodiment, the first and second main bands
MB21" and MB22" that are consumable products can be
replaced. Thus, the lifespan of the tactile stimulation pro-
viding device 2" can be lengthened.

A first strap STR21" may be located at an upper surface
in the vicinity of one end of a sub-band SB2". The first strap
STR21" may be made of a maternial having an elasticity
smaller than that of the bands MB21", MB22". and SB2". An

A-type fastening member BCM2" may be connected to the
first strap STR21". A second strap STR22" may be located
at an upper surface 1n the vicinity of the other end of the
sub-band SB2". A B-type fastening member BCEF2" may be
connected to the second strap STR22". The effect caused by
the straps STR21" and STR22" and the fastening members
BCM2" and BCF2" refers to the descriptions of FIGS. 31
and 32.

The tactile stimulation providing device according to the
present disclosure facilitates changing of 1its size, 1s firmly
fixed to a body part of a user, and does not interfere with an
input action of the user

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are
to be interpreted 1n a generic and descriptive sense only and
not for purpose of limitation. In some nstances, as would be
apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described 1n connection with a particular embodiment
may be used singly or in combination with features, char-
acteristics, and/or elements described in connection with
other embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill 1n the art
that various changes 1n form and details may be made
without departing from the spirit and scope of the present
disclosure as set forth 1n the following claims.

What 1s claimed 1s:

1. A tactile stimulation providing device comprising:

a flexible wearing part having a first layer member, a first
side, and a second side that 1s the opposite side of the
first side, wherein actuators are disposed between the
first side and the second side;

a first main band having one end located 1n a vicinity of
the first side of the wearing part and an other end
fastenable to a vicinity of the second side of the
wearing part;

a sub-band having one end located 1n a vicinity of a third
side of the wearing part and an other end fastenable to
the vicinity of the third side of the wearing part; and

a plurality of actuator assemblies, each assembly com-
prising a bottom case adhered closely to a lower surface
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of the first layer member, and a top case adhered closely
to an upper surface of the first layer member, wherein
the top case 1s coupled to the bottom case to {ix a
corresponding actuator among the actuators,

wherein the wearing part further includes:

a second layer member having at least a portion of an
edge, which 1s coupled to the first layer member on the
first layer member, the second layer member covering
the top cases of the plurality of actuator assemblies; and

a third layer member having one end connected to the
second layer member on the second layer member, and
an other end fastenable to an upper surface of the
second layer member, and

wherein the tactile stimulation providing device further
comprises a controller case fitted 1nto a portion of the
third layer member between the one end and the other
end of the third layer member.

2. The tactile stimulation providing device of claim 1,
wherein, when the first main band 1s fastened to the vicinity
of the second side of the wearing part, the first main band
and the actuators form a ring shape adapted to be adhered
closely to a first body part of a user, and when the sub-band
1s fastened, the sub-band autonomously forms a ring shape
adapted to be adhered closely to a second body part of the
user, wherein the first body part and the second body part are
adjacent body parts connected to each other through a joint.

3. The tactile stimulation providing device of claim 1,

wherein the actuators are disposed to be adhered closely
to the first layer member.

4. The tactile stimulation providing device of claim 3,

further comprising:

a plurality of A-type attachable/detachable members,
wherein a first A-type attachable/detachable member
among the plurality of A-type attachable/detachable
members disposed at a lower surface of the sub-band;
and

a plurality of B-type attachable/detachable members,
wherein a first B-type attachable/detachable member
among the plurality of B-type attachable/detachable
members disposed at the upper surface of the second
layer member, wherein the A-type and B-type attach-

able/detachable members are attachable to/detachable
from each other.

5. The tactile stimulation providing device of claim 4,

wherein the tactile stimulation providing device further
comprises a second A-type attachable/detachable mem-
ber among the A-type attachable/detachable members
disposed at a lower surface 1n a vicinity of the other end
of the third layer member.

6. The tactile stimulation providing device of claim 3,
wherein the second layer member includes a first wiring
opening,

the third layer member includes a second wiring opening,
and

the controller case includes a third wiring opening,

wherein the actuators and a controller 1n the controller
case are electrically connected by a wiring through the
first wiring opening, the second wiring opening, and the
third wiring opening.

7. The tactile stimulation providing device of claim 5,

turther comprising;:

a second B-type attachable/detachable member among the
B-type attachable/detachable members located at an
upper surface 1n a vicinity of the other end of the first
main band; and
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a third A-type attachable/detachable member among the
A-type attachable/detachable members located at a
lower surface 1n the vicinity of the other end of the first
main band.

8. The tactile stimulation providing device of claim 7,
wherein the third A-type attachable/detachable member 1s
attached to the first B-type attachable/detachable member, so
that the first main band and the actuators form a ring shape.

9. The tactile stimulation providing device of claim 8,
wherein the second A-type attachable/detachable member 1s
simultaneously attached to the first B-type attachable/de-
tachable member and the second B-type attachable/detach-
able member.

10. The tactile stimulation providing device of claim 9,
wherein the first A-type attachable/detachable member 1s
attached to the first B-type attachable/detachable member 1n
the vicimity of the third side of the wearing part such that the
sub-band autonomously forms a ring shape.
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